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(57)Abstract: 

PURPOSE: To provide a light control method which draws the 
light response of a sufficient size and velocity out of a light 
responsive optical element with the lowest possible light power 
and a light controller. 

CONSTITUTION: The control light is emitted from a light source 
I and the signal light from a light source 2. The control light and 
signal light are converged by a condenser lens 7 and are cast to 
the optical element 8. Only the signal light is detected by a 
photodetector 22 through a photodetecting lens 9 and a 
waveguide selective transmittable filter 20. The transmittance 
of the signal light is reversibly increased and decreased by the 
on and off of the control light, by which the intensity modulation 
of the signal light is embodied. The interaction effect of the 
excitation species in the light responsive compsn. the control 
light and the photon of the signal light is greatly improved by 
converging the control light and the signal light and propagating 
the light on the same optical path. The drawing of the light 
response of the sufficient magnitude and velocity out of the 
light responsive optical element with the light power sufficiently 
lower than heretofore is made possible. 
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* NOTICES * 

iTPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the optical control approach of irradiating control light at the optical element which consists 
of an optical responsibility constituent, and performing said signal luminous-intensity modulation and/or 
luminous-density modulation which penetrate said optical element when control light changes reversibly the 
permeabiUty and/or refractive index of signal light in a different wavelength band. Complete respectively 
said control light and said signal light, and it irradiates to said optical element. And the optical control 
approach characterized by arranging the optical path of said control light and said signal light, respectively 
so that the fields where the photon density near each focus of said control light and said sign^ light is the 
highest may overlap mutually in said optical element. 

[Claim 2] The optical control approach characterized by making said control light and said signal light 
spread by the same optical path substantially in said optical element in the optical control approach 
according to claim 1 . 

[Claim 3] In the optical control approach according to claim 1 or 2, the physical relationship of each focal 
location and said optical element of said control light and said signal light is changed. And/ Or by changing 
the range which receives the flux of light of said signal light which penetrated said optical element The 
optical control approach characterized by choosing and taking out both or one of the optical response of the 
direction where said signal light reinforcement which penetrated said optical element decreases, and the 
optical responses which the luminous density of said signal light fluctuates by the exposure of said control 
Ught. 

[Claim 4] The optical control approach characterized by using what consists of the optical responsibility 
constituent which contained coloring matter as said optical element in the optical control approach of a 
publication 3 either firom claim 1. 

[Claim 5] It sets from claim 1 to the optical control approach of a publication 4 either. The permeability of 
said control light as said optical element at at most 90% or less And the optical control approach 
characterized by taking out the optical response of the direction where the permeability of said signal light 
which penetrated said optical element by the exposure of said control light decreases using what was 
adjusted so that the permeability of said signal light in the condition of not irradiating said control light 
might become at least 10% or more. 

[Claim 6] Control light is irradiated at the optical element which consists of an optical responsibility 
constituent. Control light is an optical control imit used for the optical control approach of performing said 
signal luminous-intensity modulation and/or luminous-density modulation which penetrate said optical 
element by making the permeability and/or refractive index of signal light in a different wavelength band 
fluctuating reversibly. It has the convergence means as which said control light and said signal light are 
completed, respectively. Optical-path arrangement of said control light and said signal light should do so 
that the fields where the photon density near each focus of said control light which it converged, and said 
signal light is the highest overlap mutually. And said optical element is an optical control vinit characterized 
by being arranged in the location where the fields where the photon density near each focus of said control 
light which it converged, and said signal light is the highest overlap mutually. 

[Claim 7] The optical control unit characterized by having further optical-path arrangement which said 
control light and said signal light spread by the same optical path substantially in said optical element in an 
optical control unit according to claim 6. 

[Claim 8] A migration means to change the physical relationship of each focal location and said optical 
element of said control light and said signal light further in an optical control unit according to claim 6, By 
having a light-receiving range acconmiodation means to change the range which receives the flux of light of 
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said signal light which penetrated said optical element, and to receive light, and using said migration means 
and/or said light-receiving range accommodation means The physical relationship of each focal location and 
said optical element of said control light and said signal light is changed. And/ Or by changing the range 
which receives the flux of light of said signal light which penetrated said optical element The optical control 
unit characterized by choosing and taking out both or one of the optical response of the direction where said 
signal light reinforcement which penetrated said optical element decreases, and the optical responses which 
the luminous density of said signal light fluctuates by the exposure of said control li^t. 
[Claim 9] It is the optical control xmit characterized by consisting of the optical responsibility constituent 
with which said optical element contained coloring matter in the optical control unit of a publication 8 either 
from claim 6. 

[Claim 10] Said optical element is an optical control unit characterized by taking out the optical response of 
the direction where the permeability of control light is [ in / 9 either / from claim 6 / the optical control unit 
of a publication ] at most 90% or less, and it is adjusted in so that the permeability of the signal light in the 
condition of not irradiating control light may become at least 10% or more, and the permeability of signal 
light decreases by the exposure of control light. 

[Claim 11] The optical control unit characterized by having a means to divide into signal light and control 
light a mixed light of signal light and control light which has penetrated said optical element in the optical 
control unit of a publication 10 either from claim 6. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical control approach and the optical control unit 
using the optical element which consists of a useful optical responsibility constituent in the field of 
optoelectronics, such as optical communication and optical information processing, and photonics. 
[0002] 

[Description of the Prior Art] In the field of the optoelectronics which paid its attention to the multiplicity of 
light 5 and high density nature for the purpose of ultra high-speed signal transduction and processing , and 
photonics , researches and developments of the light and the optical control approach which be going to 
modulate luminous intensity ( amplitude ) or a frequency ( wavelength ) be briskly further using change of 
the permeability and the refractive index which be cause in the optical element which processed and created 
the optical material or the optical constituent by irradiate light , without use an electronic circuitry 
technique . Moreover, when it is going to perform a juxtaposition optical logical operation and an image 
processing taking advantage of the description of light, as for an optical intensity-distribution change etc., 
the "space optical modulator" for performing a certain modulation is very important for the cross section of 
a light beam, and application of light and the optical control approach is expected also here, 
[0003] As a phenomenon in which the application to light and the optical control approach is expected, 
nonlinear optical effects, such as saturable absorption, nonlinear refraction, and a photorefractive effect, and 
a photochromic phenomenon attract attention widely. 

[0004] On the other hand, the phenomenon of newly causing light absorption in the second different 
wavelength band from the first wavelength band is also known without being accompanied by change of the 
molecular structure, and the molecule excited with the light of the first wavelength band can call this 
"excitation state absorption", "induction absorption", or "transient absorption." 

[0005] As an example which tried application of excitation state absorption, at least two kinds of beams of 
light with which wavelength differs to the solution or solid-state which included the porphyrin system 
compound and the electron acceptor in JP,53-137884,A are irradiated, for example, and the optical 
conversion approach that the information which the beam of light of one wavelength has by this exposure is 
moved to the wavelength of the beam of light of another side is indicated, moreover — JP,55-100503,A and 
JP,55-1 08603 ,A — the spectrum between the ground states and excitation states of organic compoimds, such 
as a porphyrin derivative, — the difference of a spectrum is used and the liquid core mold optical fiber of 
functionality which chooses propagation light corresponding to a time change of excitation light is 
indicated. Moreover, the plastic optical fiber which contains in a core organic compounds, such as a 
porphyrin derivative which has the absorption corresponding to the transition to the triplet state of a high 
order further from the triplet state excited by light, is indicated by JP,63-89805,A. Moreover, after 
irradiating the light of the first wavelength at JP,63-236013,A at the crystal of cyanine dye, such as 
KURIPUTO cyanine, and carrying out optical pumping of the molecule, the light of the second different 
wavelength from the first wavelength is irradiated at said molecule, and an optoelectronic device which 
switches transparency or reflection of the second of the light of wavelength according to the optical- 
pumping condition by the light of the first wavelength is indicated. Moreover, the light of the first and the 
second wavelength is irradiated at the light modulation medium which distributed photoinduced-electron- 
transfer matter, such as a porphyrin derivative, in the matrix material, and a lightwave signal modulation 
medium which carries out li^t modulation using the difference of the absorption spectrum between the 
excitation states and ground states of a molecule is indicated by JP,64-73326,A. 

[0006] As a configuration of the optical equipment used with these conventional technique JP,55-100503,A, 
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JP,55- 108603, A, And an equipment configuration which twists around the perimeter of the light source (for 
example, flash lamp) of excitation light the optical fiber which propagation light spreads is indicated by 
JP,63-89805,A. Rather, without making JP,53-137884,A and JP,64-73326,A converge the Hght which is 
equivalent to control light firom a direction different fi-om the optical path of signal light on the whole part 
which has spread the light equivalent to the signal light inside an optical responsibility optical element with 
the means of a projector lens etc. An equipment configuration which you make it spread and is irradiated is 
indicated. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the above conventional techniques, since the optical 
power of high density is needed very much in order to cause permeability change or refractive-index change 
of magnitude which is sufficient for practicd use, or the response to an optical exposvire is slow, the present 
condition is that what results in practical use is not yet obtained. 

[0008] This invention cancels the technical problem which the above-mentioned conventional technique 
has, and aims at offering the optical control approach and an optical control unit which pull out the optical 
response of sufficient magnitude and a rate from the optical element of optical responsibility by the lowest 
possible optical power. 
[0009] 

[Means for Solving the Problem] In order to attain the [Hght control approach concerning this invention] 
above-mentioned purpose, the optical control approach conceming invention of this application according to 
claim 1 It is the optical control approach of irradiating control light at the optical element which consists of 
an optical responsibility constituent, and performing said signal luminous-intensity modulation and/or 
luminous-density modulation which penetrate said optical element when control light changes reversibly the 
permeability and/or refractive index of signal light in a different wavelength band. Complete respectively 
said control light and said signal light, and it irradiates to said optical element. And it is characterized by 
arranging the optical path of said control light and said signal light, respectively so that the fields where the 
photon density near each focus of said control light and said signal light is the highest may overlap mutually 
in said optical element. 

[0010] Moreover, the optical control approach conceming invention of this application according to claim 2 
is characterized by making said control light and said signal light spread by the same optical path 
substantially in said optical element in the optical control approach according to claim 1 . 
[001 1] The optical control approach conceming invention according to claim 3 is set to the optical control 
approach according to claim 1 or 2. By changing the range which receives the flux of light of said signal 
li^t which the physical relationship of each focal location and said optical element of said control light and 
said signal light was changed, and/or penetrated said optical element It is characterized by choosing and 
taking out both or one of the optical response of the direction where said signal light reinforcement which 
penetrated said optical element decreases, and the optical responses which the luminous density of said 
signal light fluctuates by the exposure of said control light. 

[0012] The optical control approach conceming claim 4 is characterized by using what consists of the 
optical responsibility constituent which contained coloring matter as said optical element in the optical 
control approach of a publication 3 either from claim 1 . 

[0013] In the optical control approach of a publication, the permeabiUty of said control light of the optical 
control approach conceming claim 5 is at most 90% or less as said optical element 4 either from claim 1 . 
And it is characterized by taking out the optical response of the direction where the permeability of said 
signal light which penetrated said optical element by the exposure of said control light decreases using what 
was adjusted so that the pemieability of said signal light in the condition of not irradiating said control light 
might become at least 10% or more. 

[0014] In order to attain the [light control unit conceming this invention] above-mentioned purpose, the 
optical control unit conceming invention of this application according to claim 6 Control light is irradiated 
at the optical element which consists of an optical responsibility constituent. Control light is an optical 
control unit used for the optical control approach of performing said signal luminous-intensity modulation 
and/or luminous-density modulation which penetrate said optical element by making the pemieability and/or 
refractive index of signal light in a different wavelength band fluctuating reversibly. It has the convergence 
means as which said control light and said signal light are completed, respectively. Optical-path 
arrangement of said control light and said signal light should do so that the fields where the photon density 
near each focus of said control light which it converged, and said signal light is the highest overlap 
mutually. And said optical element is characterized by being arranged in the location where the fields where 
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the photon density near each focus of said control light which it converged, and said signal light is the 
highest overlapped mutually. 

[0015] Moreover, the optical control unit concerning invention according to claim 7 is characterized by 
having further optical-path arrangement which said control light and said signal light spread by the same 
optical path substantially in said optical element in an optical control xinit according to claim 6. 
[0016] The optical control unit concerning invention according to claim 8 is set to an optical control xinit 
according to claim 6. Furthermore, a migration means to change the physical relationship of each focal 
location and said optical element of said control light and said signal light, By having a light-receiving range 
accommodation means to change the range which receives the flux of light of said signal light which 
penetrated said optical element, and to receive light, and using said migration means and/or said light- 
receiving range accommodation means The physical relationship of each focal location and said optical 
element of said control light and smd signal light is changed. And/ Or by changing the range which receives 
the flux of light of said signal light which penetrated said optical element It is characterized by choosing and 
taking out both or one of the optical response of the direction where said signal light reinforcement which 
penetrated said optical element decreases, and the optical responses which the limiinous density of said 
signal light fluctuates by the exposure of said control light. 

[0017] The optical control unit concerning claim 9 is characterized by said optical element consisting of the 
optical responsibility constituent containing coloring matter in the optical control unit of a publication 8 
either from claim 6. 

[0018] The optical control unit concerning claim 10 is adjusted so that the permeability of the signal light in 
the condition that the permeability of control light is at most 90% or less, and said optical element does not 
irradiate control light may become at least 10% or more, and it is characterized [ in / 9 either / from claim 6 / 
the optical control unit of a publication ] by taking out the optical response of the direction where the 
permeability of signal light decreases by the exposiire of control light. 

[0019] The optical control unit concerning claim 1 1 is characterized by having a means to divide into signal 
light and control light a mixed light of signal light and control light which has penetrated said optical 
element in the optical control unit of a publication 10 either from claim 6. 

[0020] [Optical responsibility constituent] When the control light in this invention is irradiated here, well- 
known various things can be used as an optical responsibility constituent used for an optical element to 
which it carries out adjustable [ of the permeability and/or refractive index of signal light in a different 
wavelength band from control light ] reversibly. 

[0021] If the example is given concretely, for example GaAs, GaAsP, GaAlAs, The single crystal of 
compound semiconductors, such as InP, InSb, InAs, PbTe, InGaAsP, and ZnSe, what distributed the particle 
of said compound semiconductor into the matrix material, and the metal halogenide (for example, a 
potassium bromide — ) which doped dissimilar metal ion single crystals, such as a sodium chloride, and said 
metal halogenide (for example, a copper bromide — ) What distributed particles, such as a copper chloride 
and a cobalt chloride, into the matrix material, CdS, CdSe, CdSeS which doped dissimilar metal ion, such as 
copper, What distributed the single crystal of cadmium chalcogenide, such as CdSeTe, and the particle of 
said cadmium chalcogenide into the matrix material. Semi-conductor single crystal thin films, such as 
silicon, germanium, a selenium, and a tellurium, A polycrystal thin film thru/or a porosity thin film, silicon, 
germanium, a selenium. The thing, platinum which distributed semi-conductor particles, such as a tellurium, 
into the matrix material. What distributed noble-metals particles, such as gold and palladium, into the matrix 
material, A ruby, alexandrite, a garnet, Nd:YAG, sapphire, Ti : The single crystal equivalent to the jewel 
which doped metal ions, such as sapphire and NdiYLF, (the so-called laser crystal). The lithium niobate 
which doped the metal ion (for example, iron ion) (LiNb03), LiB 305, LiTa03, KTiOP04, and KH2P04, 
the ferroelectric crystal of KNb03, BaB 202, etc., and a metal ion (for example, neodium ion — ) What 
dissolved or distributed coloring matter can be suitably used into a matrix material besides being the quartz 
glass which doped erbium ion etc., soda glass, glass of borosilicate glass and others, etc. 
[0022] Since a matrix material and the selection range of coloring matter are wide and processing to an 
optical element is also easy the range, what dissolved or distributed coloring matter in the matrix material 
also in these can be especially used suitably by this invention. 

[0023] As an example of the coloring matter which can be used by this invention, cyanine dye, such as - 
diethyl thia carbocyanine iodide, and azo dye [, such as acridine dyes, such as xanthene dyes, such as 
Rhodamine B, rhodamine 6G, cosine and Phloxine B, an acridine orange, and acridine red, ethyl red, and 
Methyl Red, ], porphyrin system coloring matter, phthalocyanine system coloring matter, 3, and 3 *3, 3 - 
diethyl OKISA dicarbocyanine iodide, etc. can be used suitably, for example. 
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[0024] In this invention, it is independent about these coloring matter, or two or more kinds can be mixed 
and used. 

[0025] The matrix material which can be used by this invention can use the thing of arbitration, if satisfied 
with the wavelength field of the light used with the optical control system of (1) this invention of the 
conditions that the coloring matter or the various particles which are used by that permeability is high and 
(2) this inventions can be dissolved or distributed with sufficient stability, and that the gestalt as (3) optical 
elements can be kept good [ stability ]. 

[0026] The low-melting-glass ingredient created as a matrix material of an inorganic system with the so- 
called sol gel process besides being the single crystal of a metal halogenide, the single crystal of a metallic 
oxide, the single crystal of metal chalcogenide, quartz glass, soda glass, borosilicate glass, etc., for example 
can be used. 

[0027] Moreover, as a matrix material of an organic system, various organic polymeric materials can be 
used, for example. As an example of organic polymeric materials, polystyrene, Pori (alpha methyl styrene). 
The poly indene, Pori (4-methyl-l-pentene), polyvinyl pyridine, A polyvinyl formal, a polyvinyl acetal, a 
polyvinyl butyral, Polyvinyl acetate, polyvinyl alcohol, a polyvinyl chloride, a polyvinylidene chloride. 
Polyvinyl methyl ether, polyvinyl ethyl ether, polyvinyl benzyl etiier, A polyvinyl methyl ketone, Pori (N- 
vinylcarbazole), poly(N-vinylpyrrolidone), Polymethylacrylate, polyacrylic acid ethyl, polyacrylic acid, a 
polyacrylonitrile, A polymethyl methacrylate, polymethacrylic acid ethyl, polymethacrylic acid butyl, 
Polymethacrylic acid benzyl, polymethacrylic acid cyclohexyl, polymethacrylic acid, A polymethacrylic 
acid amide, the poly methacrylonitrile, the poly acetaldehyde, The poly trichloroacetic aldehyde, 
polyethylene oxide, polypropylene oxide. Polyethylene terephthalate, polybutylene terephthalate, and 
polycarbonates (bisphenols + carbonic acid) Pori (diethylene-glycol bisallyl carbonate), 6-nylon, 6 and 6- 
nylon, 12-nylon, 6, 12-nylon, Pori aspartic-acid ethyl, Polyglutamic acid ethyl, the poly lysine, polj^roline, 
Pori (gamma-benzyl-L-glutamate), Methyl cellulose, ethyl cellulose, benzyl cellulose, hydroxyethyl 
cellulose, Hydroxypropylcellulose, an acetyl cellulose, cellulose triacetate, eel low SUTORI butyrate and 
alkyd resin (phthalic anhydride + glycerol) Fatty-acid modified alkyd resin (fatty-acid + phthalic anhydride 
+ glycerol), an unsaturated polyester resin (maleic-anhydride + phthalic anhydride + propylene glycol), An 
epoxy resin (bisphenols + epichlorohydrin), polyurethane resin, Organic polysilane, such as resin, such as 
phenol resin, a urea-resin, mel amine resin, xylene resin, a toluene resin, and guanamine resin, and Pori 
(phenyl methylsilane), the organic poly germane, and these copolymerization and copolycondensation 
objects are mentioned. Moreover, in usual [, such as a carbon disulfide, carbon tetrafluoride, ethylbenzene, 
perfluoro benzene, a perfluoro cyclohexane, and trimethylchlorosilane, ], the high molecular compound 
which carried out the plasma polymerization of the compound without polymerization nature, and obtained 
it can also be used. 

[0028] Moreover, what it combines as a copolymerization monomeric unit together as the side chain of a 
monomeric unit or a bridge formation radical, and combined the residue of the organic low molecular 
weight compound which shows organic coloring matter and an optical nonlinear effect to these organic high 
molecular compounds as a polymerization initiation end can also be used as a matrix material. 
[0029] On the other hand, an approach well-known for dissolving or distributing coloring matter into these 
matrix materials can be used. For example, afl:er dissolving coloring matter and a matrix material into a 
common solvent and mixing, How to form a matrix material, since coloring matter is dissolved or 
distributed to the raw material solution of the inorganic system matrix material manufactured with the 
approach of evaporating a solvent and removing, and a sol gel process. Into the monomer of an organic 
macromolecule system matrix material, a solvent is used if needed. Since coloring matter is dissolved or 
distributed, this monomer A polymerization thru/or the approach of making carry out a polycondensation 
and forming a matrix material. After carrying out precipitate which both coloring matter and a thermoplsistic 
organic macromolecule system matrix material trickled coloring matter and the solution which dissolved the 
organic macromolecule system matrix material into the common solvent into the insoluble solvent, and 
produced it a ** exception and drying, the approach of heating and melting processing it etc. can be used 
suitably. Although it is known that the special meeting object which is made to condense a coloring matter 
molecule and is called "H meeting object", "J meeting object", etc. with devising the combination and the 
processing approach of coloring matter and a matrix material can be made to form, the coloring matter 
molecule in a matrix material may be used on the conditions which form such a state of aggregation or a 
meeting condition. 

[0030] Moreover, an approach well-known for distributing the aforementioned various particles into these 
MATORIKKUSSU ingredients can be used. Said particle For example, the solution of a matrix material, Or 
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the method of removing a solvent, after distributing in the solution of the precursor of a matrix material, 
Since said particle is distributed into the monomer of an organic macromolecule system matrix material if 
needed, this monomer using a solvent as a precursor of a polymerization thru/or the approach of making 
carry out a polycondensation and forming a matrix material, and a particle After dissolving or distributing 
metal salts, such as perchloric acid cadmium and a gold chloride, in an organic macromolecule system 
matrix material, it processes by hydrogen-sulfide gas. For example, the particle of a cadmixmi sulfide Or the 
approach and chemical vapor deposition which deposit a golden particle in a matrix material, respectively, 
the sputtering method, etc. can be suitably used by heat-treating. 

[003 1] In addition, in the range which does not cause trouble to the function, the optical responsibility 
constituent used by this invention may contain an anti-oxidant well-known as an accessory constituent, an 
ultraviolet ray absorbent, a singlet oxygen quencher, a distributed assistant, etc. in order to raise workability 
or to raise the stability and endurance as an optical element. 

[0032] According to the purpose of use, suitable combination can be selected and used for the optical 
responsibility constituent used by the optical control approach of this invention [which an optical 
responsibility constituent, the wavelength band of signal light, and the wavelength band of control light 
should put together], the wavelength band of signal light, and the wavelength band of control Ught as these 
combination. 

[0033] What is necessary is to determine the wavelength thru/or the wavelength band of signal light 
according to the purpose of use, and just to select the combination of the wavelength of the optimal optical 
responsibility constituent for controlling this, and control light first as a concrete configuration procedure, 
for example. Or what is necessary is just to select the optical responsibility constituent suitable for this 
combination, after determining the combination of the wavelength of signal light and control light according 
to the purpose of use. 

[0034] About the optical path length of the signal light which spreads the inside of the presentation of the 
optical responsibility constituent used by this invention, and the optical element which consists of said 
optical responsibility constituent, and control light, it can set up as these combination on the basis of the 
permeabiHty of the control light which penetrates an optical element, and signal light. For example, the 
concentration of the component which absorbs control light or signal light at least among the presentations 
of an optical responsibility constituent can be determined first, and the optical path length of the signal light 
which spreads the inside of an optical element so that the permeability of the control light which penetrates 
an optical element, and signal light may subsequently become a specific value, and control light can be set 
up. Or first, after setting the optical path length as a specific value if needed for example, on an equipment 
design, the presentation of an optical responsibility constituent can be adjusted so that the permeability of 
the control light which penetrates an optical element, and signal light may become a specific value. 
[0035] The value of the permeability of the control light which penetrates an optical element, and signal 
light with it is as being shown below, respectively. [ optimal / although this invention aims at offering the 
optical control approach and an optical control unit which pull out the optical response of magnitude 
sufficient by the lowest possible optical power and a rate fi-om the optical element of optical responsibility / 
in order to attain this pvirpose ] 

[0036] In the optical control approach and the optical control unit of this invention, performing the 
concentration of the light absorption component in an optical responsibility constituent and control of an 
existence condition, and a setup of the optical path length so that the permeability of the control light which 
spreads an optical element may become at most 90% or less is recommended. 

[0037] Here, when it is going to use the optical response of the direction where the permeability of signal 
light decreases by the exposure of control light, in the condition of not irradiating control light, performing 
the concentration of the light absorption component in an optical responsibility constituent and control of an 
existence condition, and a setup of the optical path length so that the permeability of the signal light which 
spreads an optical element may become at least 10% or more is recommended. 

[0038] The gestalt of the optical element used by [optical element] this invention can be suitably chosen 
according to the configuration of the optical control device of this invention fi-om the shape of the shape of 
the shape of the shape of the shape of the shape of a thin film, a thick film, tabular, the letter of a block, 
cylindrical, a semicircle column, and the square pole, and the triangle pole, and a convex lens, and a 
concave lens, and a micro-lens array, and a fiber, the shape of a micro channel array, an optical waveguide 
mold, etc. The creation approach of the optical element used by this invention is selected by arbitration 
according to the gestalt of an optical element, and the class of optical response constituent to be used, and a 
well-known approach can be used for it. 
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[0039] For example, what is necessary is to carry out coating of the solution which dissolved coloring matter 
and a matrix material for example, on a glass plate by coating methods, such as the applying method, the 
blade coat method, the roll coat method, a spin coat method, a dipping method, and a spray method, or just 
to print by print processes, such as the Taira version, letterpress, an intaglio, a mimeograph, a screen, and an 
imprint, when manufacturing a thin film-like optical element from coloring matter and a matrix material. In 
this case, the inorganic system matrix material creation approach by the sol gel process can also be used. 
[0040] For example, when the organic macromolecule systOTi matrix material to be used is thermoplasticity, 
even if it uses hot pressing (JP,4-99609,A) and the extending method, a thin film thru/or a thick-film-like 
membrane type optical element can be created. 

[0041] When creating the optical element of the shape of the shape of the shape of the shape of the shape of 
tabular, the letter of a block, cylindrical, a semicircle column, and the square pole, and the triangle pole, and 
a convex lens, and a concave lens, and a micro-lens array, coloring matter can be cast by the casting method 
or the reaction injection mold method using what was dissolved or distributed to the raw material monomer 
of an organic macromolecule system matrix material. Moreover, when using a thermoplastic organic 
macromolecule system matrix material, since heating melting of the pellet or powder which dissolved or 
distributed coloring matter is carried out, you may process it by the injection-molding method. 
[0042] A fiber-like optical element For example, the approach of carrying out melting extension and fiber- 
izing the quartz glass which doped the metal ion, [ whether the thing which made the raw material monomer 
of an organic macromolecule system matrix material dissolve or distribute coloring matter is slushed into 
glass capillary tube tubing, and ] Or the approach of carrying out the polymerization of what was sucked up 
by capillarity, Or after extending the cylinder of the thermoplastic organic macromolecule system matrix 
material which dissolves or distributed coloring matter, and the so-called preforming heating and in the 
shape of yam to temperature higher than glass transition temperature, it can create by the approach of 
cooling etc. 

[0043] Since many optical elements of the shape of a fiber created as mentioned above are bundled and it 
pastes up thru/or processes [ welding ], the optical element of a micro channel array mold can also be 
created by slicing to a thin film integrated circuit thru/or tabular. 

[0044] The optical element of a waveguide mold can be created by the approach of etching the approach of 
carrying out a polymerization, or the thin film-like optical element formed on the substrate, and forming a 
"core" pattern, after slushing the thing which made the raw material monomer of an organic macromolecule 
system matrix material dissolve or distribute coloring matter into the slot created for example, on the 
substrate, and subsequently forming a "clad" by the matrix material which does not contain coloring matter. 
[0045] In the optical control approach and the optical control imit of [operation] this invention When 
completing control light and signal light, respectively and making it the fields where the photon density near 
each focus of said control light and said signal light is the highest overlap mutually in an optical element It 
becomes possible to raise remarkably the interaction effectiveness of the photon of the excitation kinds in 
the optical responsibility constituent of said optical element (for example, a coloring matter molecule, a 
metal ion, etc.), said control light, and said signal light. Consequently, it becomes possible to pull out the 
optical response of sufficient magnitude and a rate fi-om the optical element of optical responsibility by low 
optical power compared with the former. 
[0046] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a 
drawing. 

[0047] [Example 1] The outline configuration of the optical control unit of this example is shown in drawing 
1 . Such an optical equipment configuration and arrangement can be suitably used, also when using the fiber 
mold optical element 12 so that it may illustrate to drawing 1 , and it may illustrate to drawing 2 besides in 
the case of using the membrane type optical element 8, and using optical elements, such as an optical 
waveguide mold (not shown) and a micro channel array mold (not shown). 

[0048] Here, the membrane type optical element 8 can be created in the following procedures. Namely, 3, 
3'-diethyl OKJSA dicarbocyanine iodide (a trivial name DODCI, exciton company make):23.0mg, and 
polymethacrylic-acid 2-hydroxypropyl of cyanine dye: After carrying out precipitate (coloring matter and 
mixture of a polymer) which deposited in addition the ** exception and washing by n-hexane, having 
dissolved 1977.0 mg in acetone:200ml, and stirring into n-hexane:300ml, it dried under reduced pressure 
and ground. Heating was continued for the mixed powder of the coloring matter and the polymer which 
were obtained for two days at 100 degrees C iinder the ultra-high vacuum of less than 10 - 5Pa, volatile 
components, such as a residual solvent, were removed completely, and the powder of an optical 
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responsibility constituent was obtained. 20mg of this powder was inserted between slide glass (LlSOmm in 
25nimx76nmix thickness), and cover glass (0.150mm in 18mmxl8mmx thickness), it heated at 150 degrees 
C under the vacuum, and the fihn (50 micrometers of thickness) of coloring matter/polymer was created 
between slide glass/cover glass using the approach (vacuum hot pressing) of sticking the glass plate of two 
sheets by pressure. In addition, the coloring matter concentration in coloring matter / polymer film is 2.5x10 
to 2 mol/1., when the consistency of coloring matter / polymer mixture is calculated as 1 .06. 
[0049] The permeability spectrum of the membrane type optical element created as mentioned above is 
shown in drawing 3 . The permeability of this film was 90.5% on the wavelength (694nm) of signal light 
38.0% in the wavelength (633nm) of control light. 

[0050] The optical control unit of this invention which illustrates an outline to drawing 1 is constituted fi-om 
an oscilloscope 100 by the light source 1 of control light, the light sovirce 2 of signal light, ND filter 3, a 
shutter 4, the transflective mirror 5, the photomixing machine 6, a condenser lens 7, the membrane type 
optical element 8, the light-receiving lens 9, the wavelength selection transparency filter 20, photodetectors 
1 1 and 22, and the list. Among these optical elements thru/or an optic, the light sovirce 1 of control light, the 
light source 2 of signal light, the photomixing machine 6, a condenser lens 7, the membrane type optical 
element 8, the light-receiving lens 9, and the wavelength selection transparency filter 20 are indispensable 
equipment configuration elements, in order to enforce the optical control approach of this invention by the 
equipment configuration of drawing 1 . In addition, ND filter 3, a shutter 4, and the transflective mirror 5 are 
formed if needed, and although it is unnecessary in order for an oscilloscope 100 to enforce [ and ] the 
optical control approach of this invention in photodetectors 1 1 and 22 and a list, they are used as an 
electronic instrument for checking actuation of optical control if needed. 
[0051] Next, the description of each component and actuation are explained. 

[0052] Laser equipment is suitably used for the light source 1 of control light. The oscillation wavelength 
and output are suitably chosen according to the wavelength of the target signal [ approach / of this 
invention / optical / control ] light, and the response characteristic of an optical responsibility constituent to 
be used. There is especially no limit about the method of laser oscillation, and the thing of the format of 
arbitration can be used according to an oscillation wavelength band, an output, economical efficiency, etc. 
Moreover, after carrying out wavelength conversion of the hght of the laser light source by the nonlinear 
optical element, you may use it. Specifically, solid state laser, such as gas laser, such as an Ar ion laser 
(oscillation wavelength 457.9 thru/or 514.5nm) and a helium neon laser (633nm), raby laser, and Nd:YAG 
laser, dye laser, semiconductor laser, etc. can be used suitably. Not only the coherent light fi-om the laser 
light source but non-coherent Hght can also be used for the light source 2 of signal Ught. Moreover, by the 
light filter or the monochromator, continuous spectrum light fi-om a tungsten filament lamp besides [ which 
gives the homogeneous light ] the light source, a metal halide lamp, the xenon discharge tubes, etc., such as 
laser equipment, light emitting diode, and the neon discharge tube, may be monochrome-ized, and may be 
used. 

[0053] As stated previously, according to the purpose of use, suitable combination is selected as these 
combination, and the optical responsibility constituent used by the optical control approach of this invention, 
the wavelength band of signal light, and the wavelength band of control light are used. The example of an 
about is explained when a helivmi neon laser (Gaussian beam with an oscillation wavelength [ of 633nm ] 
and a beam diameter of 1mm) and the membrane type optical element 8 which consists of said optical 
responsibility constituent are hereafter used as the light source 2 of signal light as semiconductor laser 
(Gaussian beam with the oscillation wavelength of 694nm, a continuous-oscillation output [ of 3mW ], and a 
beam diameter of 8mm), and the light source 1 of control light. 

[0054] Although ND filter 3 is not necessarily required, since the optical reinforcement of control light is 
fluctuated, in examining the optical response engine performance of the optical element of this invention, in 
order to avoid that the laser light of power high beyond the need carries out incidence to the optic which 
constitutes equipment, or an optical element, it is useful. However, in this example, it is supposed that some 
kinds of ND filters are exchanged and used for the latter purpose. 

[0055] A shutter 4 is not an equipment configuration element indispensable when it is used in order to blink 
this in the shape of a pulse, and enforcing the optical control approach of this invention, when continuous 
wave laser is used as a control light. That is, the light source 1 of control light is the laser which carries out a 
pulse oscillation, and when it is the light source of the format which can control the pulse width and 
oscillation spacing, or when using the laser light by which pulse modulation was beforehand carried out 
with the suitable means as the light source 1, it is not necessary to form a shutter 4. 

[0056] When using a shutter 4, the actuation rate of the shutter itself is taken into consideration, the thing of 
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arbitration can be used as the format, for example, an optical chopper and mechanical shutter, a liquid 
crystal shutter, an optical Kerr effect shutter, a pockels cell, etc. can be used, choosing them timely. 
[0057] In this example, in examining an operation of the optical control approach of this invention, the 
transflective mirror 5 can be used in order to always estimate the optical reinforcement of control light, and 
optical split ratio can set it as arbitration. 

[0058] Photodetectors 1 1 and 22 are used in order to detect electrically the situation of change of the optical 
reinforcement by the light and optical control of this invention and to verify it, and in order to examine the 
function of the optical element of this invention. The format of photodetectors 1 1 and 22 is arbitrary, it can 
be chosen timely, and it can use [ the speed of response of the detector itself can be taken into 
consideration ] it, for example, can use a photo-multiplier, a photodiode, a photo transistor, etc. 
[0059] It can act to the others and the A-D converter which are an oscilloscope 100 etc. as the monitor of the 
light-receiving signal of said photodetectors 1 1 and 22 with the combination (not shown) of a computer. 
[0060] In using in order to adjust the optical path of the control light which spreads the inside of said optical 
element and goes, and signal light, and carrying out the optical control approach and the optical control unit 
of this invention, the photomixing machine 6 is one of the important equipment configuration elements. 
Either a polarization beam splitter an mpolarized light beam splitter or a dichroic mirror can be used, and it 
can be set as arbitration also about optical split ratio. 

[0061] A condenser lens 7 is for completing the signal light and control light which were adjusted as a 
convergence means common to signal light and control light so that an optical path might become the same, 
and irradiating to said optical element, and is one of the equipment configuration elements indispensable to 
operation of the optical control approach of this invention, and an optical control unit. In addition, a next 
example describes optical convergence means other than a condenser lens. About the specification of the 
focal distance of a condenser lens, numerical aperture, an F value, a lens configuration, a lens surface coat, 
etc., the thing of arbitration can be used suitably. 

[0062] In this example, the objective lens for microscopes of the focal distance of 5mm and numerical 
aperture 0.65 was used as a condenser lens 7, 

[0063] It converges and the light-receiving lens 9 is irradiated to an optical element 8, it is a means for 
returning the signal light and control light which have been penetrated to a coUimated besim or a 
convergence beam, and if it suits this purpose, the lens of the specification of arbitration can be used for it. 
Moreover, it is also possible to use a concave mirror instead of a condenser lens. 

[0064] The wavelength selection transparency filter 20 is one of the indispensable equipment configuration 
elements, in order to enforce the optical control approach of this invention by the equipment configuration 
of drawing 1 , and it is used as one of the means for taking out only signal light fi-om the signal light and 
control light which have spread the same optical path in said optical element. 

[0065] As a means for separating the signal light and control light firom which wavelength differs, prism, a 
diffraction grating, a dichroic mirror, etc. can be used for others. 

[0066] As a wavelength selection transparency filter 20 used by the equipment configuration of drawing 1 , 
the li^t of the wavelength band of control light is intercepted completely, and on the other hand, if it is the 
wavelength selection transparency filter which can penetrate the light of the wavelength band of signal light 
efficiently, the thing of well-known arbitration can be used. For example, plastics and glass which were 
colored with coloring matter, the glass which prepared the dielectric multilayer vacuum evaporationo film in 
the front face can be used. 

[0067] In the optical equipment of drawing 1 which consists of the above components, by adjusting 
permeability, the light beam of the control light by which outgoing radiation was carried out from the light 
source 1 passes ND filter 3 for adjusting transmitted light reinforcement, passes the shutter 4 for 
subsequently to blinking control light in the shape of a pulse, and is divided by the transflective mirror 5. 
[0068] A part of control light divided in the transflective mirror 5 is received by the photodetector 1 1 . Here, 
if putting out lights and the light source 1 are turned on for the light source 2, the relation between the 
optical reinforcement in the light beam exposure location to an optical element 8 and the signal strength of a 
photodetector 1 1 is beforehand measured in the condition of having opened the shutter 4 wide and the 
calibration curve is created, it will become possible to always estimate the optical reinforcement of the 
control light which carries out incidence to an optical element 8 from the signal strength of a photodetector 
1 1 . In this example, the power of the control light which carries out incidence to the membrane type optical 
element 8 was adjusted in 0.5mW thru/or 25mW by ND filter 3. 

[0069] The control light divided and reflected in the transflective mirror 5 passes along the photomixing 
machine 6 and a condenser lens 7, and is irradiated by the optical element 8 in the condition of having 
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converged. After the light beam of the control light which passed the membrane type optical element 8 
passes the light-receiving lens 9, it is intercepted with the wavelength selection transparency filter 20. 
[0070] It is mixed so that the light beam of the signal Hght by which outgoing radiation was carried out fi-om 
the light source 2 may spread the same optical path as control light with said photomixing vessel 6, it goes 
via a condenser lens 7, the membrane type optical element 8 completes and irradiates, and after the light 
which passed the component penetrates the light-receiving lens 9 and the wavelength selection transparency 
filter 20, it is received with a photodetector 22. 

[0071] As a result of experimenting in light and optical control using the optical equipment of drawing 1 , a 
change on the strength [ optical ] as shown in drawing 4 was observed. The detail of an experiment is as 
stating below. 

[0072] First, the light beam of control light and the Hght beam of signal light are Focus Fc in the same field 
of the membrane type optical element 8 interior. The optical path fi-om each light source, the photomixing 
machine 6, and the condenser lens 7 were adjusted so that it might connect. In addition, the optical element 
has been arranged to sense in which signal light and control light carry out incidence fi-om the cover glass 
side of said membrane type optical element 8 and which carries out outgoing radiation fi-om a slide glass 
substrate side. Subsequently, the fimction of the wavelength selection filter 20 was checked. That is, where 
the light source 2 is switched off, when the light source 1 was turned on and a shutter 4 was opened and 
closed, it checked that a response did not arise at all in a photodetector 22. 

[0073] Where a shutter 4 is closed, the light source 1 of control light is tumed on, and subsequently it is time 
of day tl . When it set, the light source 2 was tumed on and signal light was irradiated to the optical element 
8, the signal strength of a photodetector 22 increased fi-om level C to level A. 

[0074] Time of day t2 It set and the shutter 4 was opened wide, and when control light was converged and 
irradiated to the same optical path as the signal light of the optical element 8 interior having spread, the 
signal strength of a photodetector 22 decreased fi"om level A to level B. The response time of this ch£inge 
was less than 2 microseconds. 

[0075] Time of day t3 When it set, the shutter 4 was closed and the control light exposure to an optical 
element was stopped, the signal strength of a photodetector 22 returned to level A from level B. The 
response time of this change was less than 3 microseconds. 

[0076] Time of day t4 It sets, a shutter 4 is opened wide and, subsequently it is time of day t5. When set and 
closed, the signal strength of a photodetector 22 decreased from level A to level B, and, subsequently 
retumed to level A. 

[0077] Time of day t6 When it set and the light source 2 was switched off, the output of a photodetector 22 
declined and retumed to level C. 

[0078] When were collected above and time amount change of the optical reinforcement expressed with a 
wave as shows control light (incidence power 0.5mW thru/or 25mW) to 1 1 1 of drawing 4 was given and 
irradiated to the membrane type optical element 8, the output wave of the photodetector 22 in which it acts 
as the monitor of the optical reinforcement of signal light, and it is shown changed reversibly corresponding 
to time amount change of the optical reinforcement of control light, as shown in 222 of drawing 4 . That is, 
it was checked controlling transparency of signal light by increase and decrease or intermittence of control 
hght of optical reinforcement (light and optical control), i.e., controlling light by light, or that light can be 
modulated with light (light and light modulation). 

[0079] In addition, extent of change of the optical reinforcement of the signal light corresponding to 
intermittence of the light of control is value deltaT [unit %] defined below using the output levels A, B, and 
C of the aforementioned photodetector 22. 
[Equation 1] deltaT=100[(A-B)/(A-C)] 

It can compare "Be alike" quantitatively. The output level of the photodetector 22 when the output level of 
the photodetector 22 at the time of turning on the light source 2 of signal light here after A had intercepted 
control light, and B irradiate signal light and control light at coincidence, and C are the output levels of the 
photodetector 22 in the condition of having switched off the light source 2 of signal light. For example, 
when an optical response is max, level B becomes the same as that of level C, and deltaT becomes 100% of 
maximums. On the other hand, when an optical response is not detected, level B becomes the same as that of 
level A, and deltaT becomes 0% of minimum values. 

[0080] When the control light incidence power to the membrane type optical element 8 was changed in 3.0 
to 24mW and the size of optical response deltaT was compared, a result which is hung up over Table 1 was 
obtained. That is, even when the incidence power from the light source 1 to an optical element was a 
comparatively small value of 5.0m W, it tumed out that the optical, comparatively big response of 
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deltaT=36% is given. 
[0081] 

Table 1] 
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[Example 1 of a comparison] Although only polymethacrylic acid 2-hydroxypropyl was used, without using 
coloring matter, and also the matrix material independent thin film (50 micrometers of thickness) was 
created like the example 1 and the evaluation trial of an optical response was performed like the example 1 
about this thin film, even if intermittent in the light of control light (wavelength of 633nm), the optical 
reinforcement of signal light (wavelengtii of 694nm) did not change at all. That is, it was checked in a 
matrix material independent that an optical response is not observed at all. Therefore, the optical response of 
originate [ in the coloring matter which exists in said optical element ] observed in the example 1 is clear. 
[0082] [Example 2] In order to enlarge an optical response in the optical control approach and the optical 
control unit of this invention, complete respectively said control light and said signal light, and it irradiates 
to said optical element. And although what is necessary is just to arrange the optical path of said control 
Ught and said signal hght, respectively so that the fields where the photon density near each focus of said 
control light and said signal light is the highest may overlap mutually in said optical element It is desirable 
to make signal light and control light spread by the same optical path substantially for that purpose. In 
addition, focus Fc at the time of making it converge by aperture angle 2theta with a condenser lens 7 etc., 
when it is the Gaussian beam from which the amplitude distribution of the electric field of said control light 
and said signal light is Gaussian distribution The situation of the beam in near and a wave fi*ont 30 is shown 
in drawing 10 . Here, it is 0 the diameter of 2omega of the Gaussian beam of wavelength lambda. The 
location omega 0 which becomes min, i.e., the radius of a beam waist. It is expressed with the following 
formula. 
[0083] 

[Equation 2] omega 0 = lambda/(pi-theta) 

For example, the radius of a beam waist when the radius of the beam waist when converging control light 
with a wavelength [ of 633nm ] and a beam diameter of 1mm converges similarly 2.02 micrometers of 
signal light with a wavelength [ of 694nm ] and a beam diameter of 8mm with the condenser lens (the focal 
distance of 5mm, numerical aperture 0.65) used in the example 1 is calculated with 0.327 micrometers 
(almost diffraction limitation). 

[0084] As shown in drawing 5 , that signal light and control light can consider "It is the same optical path 
substantially" has the mutually parallel optical axis of : 1 control light which is the following cases, and 
signal light. In the optical path L02 (radius r2) of control Ught, for example, a cross section, the optical path 
of signal light. For example, when a cross section L+l, LOl, or L-1 (radius rl;rl <=r2) laps and spreads, 2) 
The optical axis of control light and signal hght is mutually parallel. In the optical path L02 (radixis r2) of 
signal light, for example, a cross section, the optical path of control light. For example, when a cross section 
L+1, LOl, or L-1 (radius rl;rl <=r2) laps and spreads, 3) When the opticals axis of control light and signal 
light are parallel (the distance 1+1 between opticals axis, 1-1, or 1+1+1-1) mutually and the optical path of 
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control light also of either a cross section L+1, LOl or L-1 and the optical path of signal hght is either a 
cross section L+l, LOl or L-L 

[0085] The data of the following table 2 fix the optical path of signal light to a cross section L02 (diameter 
of Smm) in the equipment of an example 1 as an example. Change of magnitude **T of signal li^t and an 
optical response 0.9 thru/or at the time of carrying out L2nrai parallel displacement is shown for the optical 
path (optical axis) of the control light of a cross section L+l, LOl, or L-1 (diameter of 1mm) as the distance 
1+1 between opticals axis, or 1-1. 



[0086] 
Table 2] 
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Although an optical response when the optical axis of signal light and control light is completely in 
agreement is max, even if the distance 1+1 between opticals axis or 1-1 shifts about **0.6nMn, magnitude 
**T of an optical response changes about seven points. 

[0087] Namely, the optical path of said control light and said signal light is arranged, respectively so that the 
fields (beam waist) where the photon density near each focus of the signal light which it converged, and 
control light is the highest may overlap mutually in said optical element. When the optical path of that said 
optical response becomes max when piling of these fields becomes max (i.e., when the optical axis of said 
control light and said signal light is completely in agreement), said control light, and said signal light was 
substantially the same, it turned out that an optical, sufficiently big response is obtained. 
[0088] [Example 3] The beam of the signal light which penetrated the membrane type optical element 8 in 
equipment arrangement ( drawing 1 ) of examples 1 and 2 is returned to a coUimated beam with a light- 
receiving lens, and it is adjusting so that all the flux of lights of signal light may carry out incidence to a 
photodetector 22. In such equipment and optic arrangement, the optical response 222 of the direction where 
said signal light reinforcement which penetrated said optical element decreases is observed as mentioned 
above. 

[0089] Here, if equipment is adjusted so that incidence of a part of flux of light (about several percent of a 
beam radius) of the signal light which penetrated the optical responsibility optical element, the part for for 
example, the core of the flux of light, may be carried out to a detector 22, it will become possible to take out 
the luminous-density modulation of said signal light by said control light, and the optical response 223 of 
the direction where the reinforcement to which only signal light is especially applied corresponding to the 
exposure of signal light increases so that it may state below, 

[0090] In order to restrict the amount of incident light to a photodetector 22 and for a part of signal light, a 
part for for example, a core, to carry out incidence, as shown in drawing 6 , the distance d78 of the : 1 
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condenser lens 7 with the following approaches and the optical responsibility thin film 8 is changed. 
[0091] 2) Change the distance d89 of the light-receiving lens 9 and the optical responsibility thin fihn 8. 
[0092] 3) Use drawing 19. 

[0093] If the rate of signal optical refraction changes and the luminous density for a beam core increases by 
the exposure of control light, the signal strength of a detector 22 will increase. That is, the optical response 
of the direction where "apparent permeability" increases is observed by the exposure of control light. 
[0094] For example, in equipment arrangement and terms and conditions of an example 1, first, the distance 
d89 of the light-receiving lens 9 and the membrane type optical element 8 was changed, and it adjusted so 
that only the amoxmt of [ of the flux of light of the signal light which penetrated the membrane type optical 
element 8 ] (about 30% of a beam radius) core might carry out incidence to a photodetector 22. 
Subsequently, the distance d78 of the membrane type optical element 8 and a condenser lens 7 is changed, 
with spacing of a condenser lens 7 and the light-receiving lens 9 fixed. It is based on the location where the 
optical responsibility of the above-mentioned permeability fall direction is most greatly observed in the 
membrane type optical element 8 when the physical relationship of the focal location of the control light 
which it converged by the same optical path, and signal light, and the membrane type optical element 8 is 
changed. The optical response of the direction where signal luminous intensity increases was observed in the 
location brought close to a condenser lens 7 side 0.1mm, and the location kept away from the condenser lens 
7 side 1 .2mm. In addition, the optical element has been arranged to sense in which signal light and control 
light carry out incidence from the cover glass side of said membrane type optical element 8 here and which 
carries out outgoing radiation from a slide glass substrate side. 

[0095] fiirthermore, as an approach of changing the focal location of control light and signal light which it 
converged by the same optical path here, and the physical relationship of an optical element For example, 
the stand which established the jogging device by precision ***♦, the stand which formed the piezoelectric- 
device actuator. Or attach the membrane type optical element 8, and make it move as mentioned above onto 
the stand which formed the ultrasonic actuator, and also The large thing of the nonlinear-refractive-index 
effectiveness can be used for the quality of the material of a condenser lens 7, and the approach of changing 
the power density of a control light pulse and changing a focal location, the method of using for the quality 
of the material of a condenser lens 7 what has a large coefficient of thermal expansion, changing 
temperature with heating apparatus, and changing a focal location, etc. can be used. 

[0096] [Example 4] The outline configuration of the optical control unit of this example is shown in drawing 
7 . Such an optical equipment configuration and arrangement can be suitably used, also when using optical 
elements other than the membrane type optical element 8 which is illustrated to drawing 7 , such as a fiber 
mold, an optical waveguide mold, and a micro channel array mold. 

[0097] About the Ught sources 1 and 2, ND filter 3, a shutter 4, photodetectors 1 1 and 22, the membrane 
type optical element 8, the wavelength selection filter 20, and the oscilloscope 100, the same thing as an 
example 1 ( drawing 1 ) was used similarly. 

[0098] By using a dichroic mirror 21 by arrangement as shown in drawing 7 , while dividing control light 
and acting as the monitor of the optical reinforcement with a photodetector 1 1, the optical path of control 
light and signal light can be piled up, and the required photomixing machine 6 can be omitted by 
arrangement of drawing 1 . However, in arrangement of drawing 7 , in order to complement wavelength 
selection transparency and reflection of a dichroic mirror 21 , it is desirable to form the wavelength selection 
transparency filter 10 which signal light is intercepted [ filter ] completely and makes only control light 
penetrate in front of a photodetector 11. Moreover, in order to avoid that signal light and/or control light 
have a bad influence on retum and light equipment to the light sources 1 and 2, optical isolators 13 and 14 
may be formed before the light sources 1 and 2 if needed, respectively. 

[0099] As an optical convergence means at the time of completing the signal light and control light which 
made the optical path in agreement together, and irradiating to the membrane type optical element 8, a 
concave mirror 15 can be used in arrangement like drawing 7 instead of a condenser lens 7 and the light- 
receiving lens 9. Although the problem that a focal distance changes with wavelength strictly arises when 
using a lens as a convergence means common to signal light and control light, the worries do not exist at a 
concave mirror. 

[0100] In the optical control unit of this invention which is illustrated to drawing 7 , indispensable 
equipment configuration elements are the light sources 1 and 2, a dichroic mirror 21, the wavelength 
selection transparency filter 20, a concave mirror 15, and the membrane type optical element 8. 
[0101] In addition, the beam splitter of polarization or vinpolarized light can also be used instead of the 
dichroic mirror 21 in drawing 7 . 
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[0102] As a procedure in case equipment as shows the optical control approach of this invention to drawing 

7 performs, first, the optical path of control Ught (light source 1) and signal light (light source 2) is in 
agreement, and it adjusts so that an optical element 8 may be arranged in a conmion focal (beam waist) 
location. Subsequently In order to check the function of a dichroic mirror 21 and the wavelength selection 
transparency filters 10 and 20, When only there being no response in a photodetector 22 when the light 
sources* 1 and 2 are tumed on by tums and only the light source's 1 is turned on (shutter 4 disconnection), 
and the light source 2 were tumed on, it checked that there was no response in a photodetector 1 1 . 
[0103] Hereafter, like the case of an example 1, the light and the optical control approach using said 
membrane type optical element 8 were enforced, and the experimental result equivalent to the case of an 
example 1 was obtained. 

[0104] [Example 5] The outline outline of the optical control unit of this example is shown in drawing 8 . 
By drawing 1 , drawing 2 , and the equipment configuration illustrated to drawing 7 , the description is that 
it is irradiating so that an optical axis may be made in agreement and signal light and control li^t may be 
converged with the same focus from an opposite direction by drawing 8 as compared with making signal 
light and control light irradiate from the same direction to an optical responsibility optical element, 
[0105] Such an optical equipment configuration and arrangement can be suitably used, also when using 
optical elements other than the membrane type optical element 8 which is illustrated to drawing 8 , such as a 
fiber mold, an optical waveguide mold, and a micro channel array mold. 

[0106] In the equipment configuration illustrated to drawing 8 , tiie same thing as an example 1 ( drawing 
1 ) and/or an example 4 ( drawing 7 ) can be similarly used about the light sources 1 and 2, ND filter 3, a 
shutter 4, a condenser lens 7, the membrane type optical element 8, the wavelength selection transparency 
filters 10 and 20, photodetectors 11 and 22, optical isolators 13 and 14, and an oscilloscope 100. 
[0107] By using the dichroic mirror (23 and 24) of two sheets by arrangement as shown in drawing 8 , it can 
irradiate so that an optical axis may be made in agreement and signal light and control light may be 
converged with the same focus from an opposite direction. In addition, two condenser lenses 7 serve as a 
role of a light-receiving lens 9 for returning the control light and signal light which have penetrated the 
optical element to a coUimated beam, respectively. 

[0108] In the optical control unit of this invention which is illustrated to drawing 8 , indispensable 
equipment configuration elements are the light source 1 and the dichroic mirror (23 and 24) of 2 or 2 sheets, 
the wavelength selection transparency filter 10, 20 or 2 condenser lenses 7, and tiie membrane type optical 
element 8. 

[0109] In addition, polarization or an impolarized light beam splitter can also be used instead of the dichroic 
mirror (23 and 24) in drawing 8 . 

[01 10] As a procedure in case equipment as shows the optical control approach of this invention to drawing 

8 performs, first, the optical path of control light (light source 1) and signal light (light soxirce 2) is in 
agreement, and it adjusts so that an optical element 8 may be arranged in a conmion focal location. 
Subsequently In order to check the fiinction of the wavelength selection transparency filters 1 0 and 20, when 
only there being no response in a photodetector 22 when the light sources' 1 and 2 are tumed on by tums and 
only the light source's 1 is tumed on (shutter 4 disconnection), and the light source 2 were tumed on, it 
checked that there was no response in a photodetector 1 1 , 

[0111] Hereafter, like the case of an example 1 , the light and the optical control approach using said 
membrane type optical element 8 were enforced, and the experimental result equivalent to the case of an 
example 1 was obtained. 

[0112] [Example 2 of a comparison] In order to conduct the comparative experiments based on a Prior art, 
according to description of JP,53-137884,A, JP,63-231424,A, and JP,64-73326,A, optical control was tried 
using the equipment of a configuration as an outline is shown in drawing 9 . That is, the semiconductor laser 
light (wavelength of 694nm) from the light source 2 of the signal light which extracted to the solution eel 17 
made from a quartz of 1cm of optical path lengths, and let 19 pass was irradiated, and a transmitted light 
was received with the photodetector 22 via the wavelength selection transparency filter 20, and on the other 
hand, from the direction which intersects perpendicularly with signal light, the whole optical path of the 
signal light which penetrates the solution eel 17 was made to diffuse control light using a projector lens 16, 
and was irradiated. In the equipment configuration of drawing 9 , the role and specification of the light 
source 1 (wavelength of 633nm) of signal light, ND filter 3, a shutter 4, the transflective mirror 5, and a 
photodetector 11 are the same as that of the case of an example 1, In addition, preventing the control light 
scattered about from the solution eel 17 carrying out incidence of the wavelength selection transparency 
filter 20 to a photodetector 22, and having used it in the example 1 and the same thing can be used. 
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[0113] Like the example 1 as coloring matter, using cyanine dye DODCI, first, the solution eel 17 was filled 
up wiCh methanol solution, and it was examined. About coloring matter concentration, it took into 
consideration that it was 1cm of 200 times as many optical path lengths as this to 50 micrometers of 
differences of the optical path length, i.e., the optical path length in the case of an example 1, and was set as 
1/200 of the concentration in the case of an example 1(1 .25x10-4 mol/1), and it adjusted so that it might 
become equivalent to the case where effectual permeability is an example 1 . Like the case of an example 1, 
by ND filter 3, the powa: of the control light which carries out incidence to an optical element (solution eel 
17) was adjusted in 0.5mW thru/or 25mW, and control light was blinked using the shutter 4. However, even 
if it made power of control light into max, the result that the signal luminous intensity which carries out 
incidence to a photodetector 22 did not change at all was obtained. That is, as long as the power of control 
light was adjusted in 0.5mW thru/or 25mW, in the equipment configuration and equipment arrangement of 
drawing 9 , light and optical control were unrealizable. 

[0114] Subsequently, what dissolved cyanine dye DODCI into the 2-hydroxypropyl methacrylate monomer 
by 1 .25x10 to 4 mol/1. concentration, was made to carry out the polymerization of the monomer as a solid- 
state component instead of a solution sample, and was processed into the rectangular parallelepiped mold 
optical element (1cm of optical path lengths) was placed instead of the solution eel 17, and was examined 
like the case of a solution sample. Consequently, also when a solid-state component was used, as long as the 
power of control light was adjusted in 0.5mW tlmi/or 25m W, in the equipment configuration and equipment 
arrangement of drawing 9 , it was checked that light and optical control are unrealizable. 
[01 15] [Example 6] An equipment configuration which is illustrated to drawing 1 like the case of an 
example 1, As the light source 1 of control light, as the light source 2 of a helium neon laser (wavelength of 
633nm), and signal light as semiconductor laser (wavelength of 694nm), and a condenser lens 7 The 
permeability of an optical element and the relation of magnitude deltaT of an optical response were 
investigated using the membrane type optical element 8 which changed and created permeability variously 
using the objective lens for microscopes of the focal distance of 5mm, and numerical aperture 0.65. In 
addition, the power of control light set to lOmW, and measured the magnitude of an optical response of the 
direction where the permeability of signal light decreases by the exposure of control light. 
[0116] The sample of the membrane type optical element 8 was created by the approach same with having 
illustrated in the example 1. However, using what changed the anion part (I-) of DODCI into tetrafluoro 
borate (BF4-) as coloring matter, coloring matter concentration was set to 2.5x10 to 2 mol/1., created that 
fi-om which the thickness of coloring matter / polymer film is changed in 20 to 100 micrometers, and 
permeability differs, and made it the sample. 

[01 17] The measurement result of magnitude deltaT of an optical response of the direction where the 
permeability of control light and each signal light and the permeability of signal Ught decrease was as 
hanging up over Table 3. 
[0118] 



MtSPjb C 6 3 3 n m) 


m^it ( 6 9 4 nm) 


ft-?"3fc C 6 9 4 n m) 


1 8 
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6 3 


2 8 


9 1 


5 5 


3 8 


g 1 


4 3 


4 8 


9 0 


3 5 


5 8 


9 1 


2 9 


7 0 


9 1 


2 4 



Although the permeability of signal light (694nm) was 90 thru/or 91% also in which sample, it was checked 
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that optical response deltaT of the direction where the permeability of signal light decreases becomes large, 
so that the permeability of control light was small (i.e., so that the light absorption in the wavelength of 
control light was large), when the permeability of control light (633nm) was changed in 18% thru/or 70% of 
range, 

[0119] In addition, quantitive measurement was difficult although thickness of a sample was made still 
thinner and examined about the case of 90% of permeability of control light, and the optical response was 
detected slightly. 

[0120] [Example 7] The permeability of an optical element and the relation of magnitude deltaT of an 
optical response were investigated like the case of an example 6 using the membrane type optical element 8 
which changed and created permeability variously. 

[0121] However, using the KURIPUTO cyanine (Tokyo formation make) of cyanine dye as coloring matter, 
the thickness of coloring matter / polymer film set to about 50 micrometers, created that from which 
coloring matter concentration is changed in the range of 1x10 to 3 mol/1. thru/or 2.5x10-2 mol/1, and 
permeability differs, and was taken as the seimple. Moreover, semiconductor laser (continuous-oscillation 
output 2W, Gaussian beam with a beam diameter of 6mm) with an oscillation wavelength of 830nm was 
used as the light source 2 of signal light. 

[0122] The measurement result of magnitude deltaT of an optical response of the direction where the 
permeability of control light and each signal light and the permeability of signal light decrease was as 
hanging up over Table 4. 



[0123] 
Table 4] 
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Although the permeability of control light (633nm) was 0.02% or less also in which sample, it was checked 
that optical response deltaT of the direction where the permeability of signal light decreases becomes large, 
so that the permeability of signal light was large (i.e., so that the light absorption in the wavelength of signal 
light was small), when the permeability of signal light (830nm) was changed in 6% thru/or 80% of range. In 
addition, in the case of 6% of permeability of signal li^t, the optical response was imder limit of detection. 
[0124] 

[Effect of the Invention] As mentioned above, as explained to the detail, according to the optical control 
approach and the optical control xmit of this invention, it becomes realizable by making laser light in a 
visible region into control light to modulate efficiently the signal light in a near infrared ray field in 
practically sufficient speed of response with very simple optical equipment, for example, without using an 
electronic circuitry etc. entirely. 

[0125] Moreover, the direct modulation of the near infrared ray laser by the visible-ray laser using the 
optical control approach and the optical control unit of this invention is very useful in an application which 
carries out direct modulation of the near infrared ray laser which was suitable for making the inside of air 
spread with the visible-ray laser suitable for making for example, the inside of a polymethylmethacrylate 
system plastic optical fiber spread. Moreover, it is expected that it is useful when developing a new optical 
operation method, for example in the field of optical computing. 
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[0126] Fvirthermore, according to the optical control approach and the optical control unit of this invention, 
the optical element which consists of the optical responsibility constituent which dissolves or distributed 
coloring matter in the matrix material as an optical element can be used, and the selection range of the 
ingredient used for said optical element can be extended, and processing to an optical element can be made 
easy, and the path of use in the industrial world can be cxxltivated widely, 

[Translation done.] 
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[Drawing 3] 
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[Drawing 6] 
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[0 0 14] L^^nmzm^iftmmi^m ±EaM^ii 

10 0 1 5] i«^^7lBK<DJSB^|Z^^jfcflJ^g 

wi^H-jtK-ces-r -5 J: 3 'JcitKiEa^^-r «. c t * 

[0 0 16] n^Jii8^m<Jinwzgk^tfiisim&mii. 
n3^«6lB«sa>5^«||{^SBlcfel^r. mnisim^ 

J:U:/*fc(*flEe3teHi@IIi¥S^ fflL^^ C i: I- J: o 

•5ffiffl^^ib*-B-4Ct(cJ:y. flEMjaijferoSBItlcJ: 
:^lRl<03t)t§i:fitrE1i^5ta>3t^?BJgA<lS«-r-53feffi:S 

to5s *fci*ir*.p>A^-:^$s«?LT9iyaj-rc 

[0 0 17] i«^^9(z€|45feftlJWISa(*. »*«6A^ 

t.8L^■r^tA^Eero3fe*^l^^alrfca^r. mtBift^m^ 
[oo 1 8] mnim^ otzmi>^mm^stt. tmme 

^li, $i)j»3ta5iSja*A<^< i:t.9 0%JilT-C. A^o, 
tl 0%ISlJ:t3Efi.*3l:SSS$*i.. Wfflljttoraitic* 



[0 0 19] H^^l 1 icfg^3t$ij{aigai*. ii«^6 
A^&1 0tN-r*iA^E«©3tftt|«iSairj3txr. fiSEit^ 

tmm^tiz'ii-m-ri>^m=^mnzt^^mti-ho 

[0 0 2 0] [3t)^S1±lifig!|a] CCT% *f6B^lZte(t 

s>i>m^9t<Dmi&mii^uy'-^tzitm^m'S:'sjmw>iz-5! 

[002 1] ^(DC!l$mtt:fl<Jl3^lf-5'5fe.tf. fiil^lS, 
GaAs.GaAsP, GaAIAs, InP> InS 
InAs. PbTe, InGaAsP. ZnSe^ 

^ K-7^Lfc*Jl/^P<^•>^b!|^ (e«^(SS<b* 'J 

miti-h'j'^j^uiz) ©mi^a, iiirE*)a/NpyMb«8 

S-r:4->* K— ■^UfcCd S, CdSe, CdSeS, 
C d S o T etc if CD* K 5 -tr A*;Ua •t^*:^'f h*<D*lg 

> K^-f ^--v N d : Y AG, -y-^r -TT, 

T i : ■y-^T'TT, N d : Y L FJjtif, iEK-f^J-V^ K 

^S'J^OA (L i Nb03 ) . L i B3 05 , L i T 
a 03, KTiOP04, KH2 PO4, KNbOs, 

BaB2 02 ui:<r>^mn\±^^. ±m-(:i-> m^tt 

[0 0 2 2] C4xt>fl)+1:ti, -7 h'J -V^XWi^itil-fe 

[0 0 2 3] :$:Siga-efflt>SZta)T-#-5fe»cDatt:eil 
tLTtt. a— $f5>B. a— ^f5>6G. I 

:?D4^i>>BtCi:ro+-9->T^>mfe^. T'J' U 

r-:; y y KJEtifwr^ y v>i^fe 

7-fy>^fe^. ^^DvT-Vjgfem, 3, 3' -2? 



(5) 



i^MTS-Z 8 6 2 2 0 



=^-9- V ;U7t? v T - > a - V Ktf S/T - 

[0 0 2 4] *fSI8-ei4. C*l&<DfefR$*a7?. 

CO O 2 5] *:S§Ejr'fflL''-5)Ci:0T-#-l>^ h 'J ■yj7X 

(2) :^nf!^xmi^i>tii 

^^Zt. (3) 3t!¥:3g^i: L-C©}Bffi$SS14S<« 

(iff SO) t © ^ -r C i: 7!)<T' t -5 o 
[0 0 2 6] h'J •V^XWJ^t LTI±. 

)a*iUa'5r-#-W' Komea. V-^f**v 

[0 0 2 7] ^fc, mm^oi^ i'')v<7:^ttntLx 

tH'J . 7K"J-f>7=>. jH'J (4 

-j«^;u- 1 -'Ot-^) , '-K'J f— ;utf'ji?>s tKU 

>i?;ux— t-;k tK'j e-yuy^ju-y h>, jK'; (n- 
t*:=.;u*;u/<y— ;u) . tK'J (n- t'-^uen 'J k 

tK'JT-? 'j;uK, ;K'JT^7 u hij^u. ;H'J>^»^'J 
Kv-J^p/s+v^K sl^'J^^i-J^'JyuK. ?H'J^^«^'j;u 

PtfU>:f+'> K, ;K'Jx^u>-rU7^ u— 

ly— ;u?i+KK) . jKU (2?x-5=-u>^nja— e 
'J^u*— tK^'T h) e-^j-'CP^. 6> 6-:J- 

-fP>, 12— ^-fD>, 6, 1 2— ^-^ P>. ^-KUT 
X/<^=^>Kx^;U, tK'J^^^U^ 5>Kx-3^;U, tK'JU 
;t^'j7fp>j>, '-H'; (r-'<>v^u-L-y;u$' 
p< — h) . ^5^;u-b;up— x-y-;Hr;uo— 
i?;Hz;up— t KP4r*>x^jn»^bP— t Ko 
#v;?ptf;Hi;up— X, r-b^;u-b;up— -biup 



>'-;i'S+xt°'>p;ut K'J» , 7K'j't7U4'>^li, 
Bg. hjux>8}gi. y7-*-5>«B§ftifa)«BM, tKU 

ife.H-5= —mtm.m. say-jitstm. jl^^jv^ 
h'jy f^;ud7PP->^>^cif<D, s«T'i*m^ 

[0 0 2 8] dttbW^tSJS^^^ft^i^lZ^&tife 

lS-¥>7tlf®}KSbmS'T^-r^tie^^^<b^?^a>SlS^^y' 

[0 0 2 9] C+L&O)-? h'J"y-57X««*'vaj|| 

■es^So «fl^i*, hu 'v-^xw^^^Jtiiojgj® 

f^mmLxM-^Ltzm. •Mm^mntitxm^-ri):^ 

«^$}f^fiE-r-5:^;£, W^iB»^^-7 h 'J <v^x«^a> 

■a-TT h'j -^/^x^^^^j^ja-rs^ii, 

h 'J •y^x«^4^«afl)s«E*i=j8»Ly=j85a 

i>=.tA^X^^o •&*<!:v h'J-:/^7X*r«a)ia^li-fcJ: 
rH#^tt:j ^ rj#^tt:j ^f^:i:lI¥(^4^.5!^»^f^E^ 

[0 0 3 0] C*ie>fl>^ h'J •y'> >X«lW4i'Nt5 

©jSjft. V h'J -v^^xWI^WflSEi^roitjSlc^- 

as^$-B-rvt-'j-y:7x«^$j^BE-r-i):^;i. ^S^ro 
li^^fikLfc^, eg^b*^**x-effliSLTm<b* Ks-^A 



(6) 



^68^8-2 86 2 20 



[O O 3 1 ] 4-fc\ *S|BJT-fflL>t,tl-53tE&S1±jaji£^ 

(*, ■€■©aSll=3tl«$#fc^F^^t^eHlc*JL^T. imxlt 
[0 0 3 2] [3tJt^tti!SBg^, <i^3ta>Sig»«. fc 
■5 c 

[0 0 3 33 S^MnfES^mt LTI*. * 
[0 0 3 4] *f§B^r•fflC^t,4^*3tI6gttSafiK^©ffl 

[0 0 3 5] :*:^B^(±, -C#-5)ISy<£t^3t/<':7-r-?E» 
/j: :»;^ $ fc J: t/J8gfl)5ttSS* StfBgltoJjt^^^A^ f> 

ill*. ?fei=^-riiyT-fei)c 

[0 0 3 6] *«eH<D3t«)ffli:&afej3<fei;ife*!HaiS«-C 

I*. pt^^^^es-r^si]®5trosi@*A<^< its o 

[0 0 3 7] CCr-, *i)^3t<DSBStl-J:oT(i-§-3troS 
iS^*<^'>f ^ ^|Sj<7)3t)SS ^ fijffl L J: 3 1 -r -S^^. 



[0 0 3 8] i^mm^) ^no^x-mi^hiix^^f^m^ 
mm. yo"j^^. watt. 4^Rtttt, ra^tt 

tt, =^ltttt. dbUVXtt. CflU^Xtfc, ^'f-:7QU> 

[0 0 3 9] »mtta>3t!^l^^^C9^iife^i 
^ h 'J •v^:^««*^f>Si£-r*«^. h 'J 

^U— Ka— ha. D— iUa— h5£, h 

•5*\ fc-SLMi, OBS. PaBfi, ftffi. 

[O O 4 o] mTiii. fflL^*W«»«-iF-IK^ h 'J -y^^x 

9 609^1^^) ■\^'M<*;i^fflL^rts*M^£t^LI5Ktt 

[004 1] ««, zfav<?^, Rtttt. ^I^natt. ra 
fttttt, Hfttttt. CiU^Xti^, DOUVXtt. v-r^p 

[0 0 4 2] ^tW/n*— tt©3t^igiFI4. C9^tf, 

[0 0 4 3] JiferoJ:5I-LTftfiELfc7T'f /'C-«<0 

tttf U Lffitt(-X^ -f ;^-r -5 C i: (c J: y v-f p ^-V > 
:f^;UT U-< ^©jti^ig^ ^ft jS-r * C 1 1 T- # ^ o 

[0 0 4 4] ^ifi^Moat^ig'Fii. mjni, mi&±iz 



(7) 



*#§BSF8-2 8 6 2 2 0 



[0 0 4 5] [ftffi] **B^C03t*]ffll^.*te«*:l/3t®]ffll 

So 

[0 0 4 6] 

[0047] mmm i ] gi i (c(i*iijsff!ia)3t*ifflig 
fflt>sii^a>ffi. S2iz'i5Jj^-r'S>ct5(c:7T>r/N*-M* 

[0 0 4 8] CdT*. MM3ti¥*^8ld:0!I^(iJilTa)# 
(ffi^^DODC I . X^i> h^ttS) :2 3. Omg 

fc<i:i/7HU>^^'J;u^2~t KD^v3^pe;u : 1 9 

77. Omg^T-fe h> : 20 0m I |Z?8«L. n--^ 

: 3 O Om \ ^^t^^miiUti^i^liUTLX^^Lfz 

fzo CCDt»5S2 Omg ^X^-f K**5X (2 5mmX7 
6mmx|l$1. 15 0mm) ^^ifi^/i—H^::^ (1 
8 mm X 1 8mmxj¥$ O. 1 5 Omm) (OPallZfi^i^, 

KffiTi 5 o^'ciziiraJSL. 2tt(D**^;^ffi$E«-r** 
ig/7Ku-7-;i^^c7)^jgsi . 0 6t urff-R-r-s 

i:. 2. 5x1 o~2mo I / I -e SdSo 
[0 0 4 9] )^J.±(D<^oiZLXi^f&Ltzmm^^m'^(D 

3ta>KS (6 3 3 nm) X3S. 0%. H^^COiKS 



(694nm) -C90. 

[0 0 5 0] SI l3«^^W^-rS:*:SgB^(7)^Sfj®^S 
mm^tCOtftm^ . (l-^5t<D3tS2. ND:7-r;U^ — 
3. S/-V'->4i-4. i^iSaaaS. *?"1^S6. IS3tl^> 
X7. mS*^^m^8. S5tL.>X9. 
^;U$i — 2 0. 5t«iaiil1 1fcJ:l/2 2. MZ/ICitvP 

:/i o 0A>t)«t^3FnSc c:+it)a)3fei¥^^/cft^ 

9. fcc^l/. ;'SgS«Sia:7^>U^ — 2 01*. Si CDS 

mmfSLx:^%^m%v[m'f5m^mm,-tiitziiy\zs^ma>m 

—4. i^^xS'=¥^mmWL^\t'j^m\zm\Lxm-f^^(nx^ 
3teiaiSi ifccfct;2 2. Mi/ic^fvpxa 

[005 1] ^fz. ii>!7CO«d£SiR(D^fS3tCt>tffcttft 
[0 0 5 2] «ffli3ta)5t3S 1 lcl*u-if— ^a3ti<»S[- 

T;U=f>-f :<->U— »f— (««;'Sfi4 5 
7, 9>'c#:t^L 5 1 4. 5 nm) . ^U^A • 
■tf— (6 3 3 nm) U— »f — . iUt*— U— +F 
— V>Nd : Y AG Lx— tf— J^f^bfOHttU— tf— . fe^ U 

-(t#afea>*;T5 2(cl*u— tP— pfeai;!)^bCOa t— U 
> h3fe/£ltTMd:?S: < l^ia t- U> h^tSfl&ffi-TS C t 

[0 0 5 3] atlcSn-Ctcc^^IC. **B^(D5fe*J®*5iT- 

^\zmcxmmum^t>ii:f^m^^ti. mi^k>*i^o 

T. Ii-^5ta)3fe;li2<h LT^Sttu-if- inm^^^e 

9 4nm. Sgl^gtb:^ 3 mW. t*— Afflg 8 mmCD^* 
>U— »f— (^li2^S6 3 3 nm. t*— Afig 1 mmCD 

So 



(8) 
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[0 0 5 4] nd7h';u^' — siii^-rLij&S-cttftt^ 

[0 0 5 51 — 4(*. «Hai3fei:LTafiE*fiU 

[0 0 5 6] '>-vya"— 4$teffl-r-sii^. -^-fljjBjSt 

V «:/ ^ -gfrOJ^^SliSJg ^ Sim L -Cil^SS? U Tfllffl-r 

[0 0 5 7] ^iSiSMsi*. zommmizai^x. :$^n 
i«a)3fc$!)ffli:^aa)f^ffl^iasi-r-5i=fcfcy. 

[0 0 5 8] 3t«sthSi 1 tsJuif zzit^ :$imfaai^' 

[0 0 5 9] MEjfeftUiSl 1 fcJ:i;2 2<DS3feffi#tt 

:*-va;^a— 1 o ofe<t*©te. AD^^|fi:=i>ej. 

[0 0 6 0] jt;i^S6i4, mnntmm^'p^mmLx 
!s-rst=sf=yss'Ei:saii)«iim«>-oT-s.-5, m% 

[006 1] «3tu>;<7i4. m^^tijiiffsimmz^ 



*5, ^3fel^>Xm^<©3feJ|Jim^SI=OL\-CI4. ^©^Jfi 

>X«fi£. ^>XaB^-h^f^:(Dtt«l=ol^TI*e® 
© t ro $ai:ttffl -r -S t A<-e * « . 
[0 0 6 2] cro^jfiw-eiiJSituvXTtLT. 

MllSmm, iSniaO. 6 5<Oia%3^^1^U>X$ffi 
[0 0 6 3] g3tU>X9l4. IJ5l3lS$4xTjt^SI^-8's 

A^fcttift^tf— Ai;s-rfc«><D#s-efey. ^rogflt) 
icffl^-r-stto-efctii*. fiEfta>tb»a)u>x*fflLN* 
:Lti^x^^o ^fl3t^>x<ofty(zC3®tt^fflt^ 

■5 d 1 1 pIlit?fe-5o 

[0 0 6 4] 3ESa«?aiia:7-<;i'^ — 2 01*. E11<D3£ 

[0 0 6 5] ^^<r>^U^iS^9itVm%tt:i^mth 

p ^ 5 ^-Jteif ^fiE^f -5 w t A<T-^-S>, 
[O O 6 6] 01 a>£8W^-CffilME,;h.-&ift£S^i£ia 
:7-f ;U^-2 Ot LTI4, «fflI3ta)aS«JS(7)jfe^^± 

[0 0 6 7] )n±(D^5umf&mmi3''^f&^m^ (Difi^ 

;ux«icB^j«-r-5fc«)ro->-\'->^«-4^iijaLT. ^J^ffi 

[0 0 6 8] ¥Si®^5IZ<tor^il]**lfcMffll3t«)- 
asiiJt^aigl 1 lzJ:o-Cg3t5^i-5o wCT?, jt3S2 
^>^*T. 3taSlS^!)TL, i>-Vy5'-4$ggjftLfctt^ 

Stjteitiilll 1 (D<l-^3tg<>:a>l8^.^^»;HSLrei 

ssi*ftJiELTfci+tf, 3tfiitbsi 1 ro^i■^!^S3!l^e,, 
tKi^m^ 8 1= Aitr -&«f]ffli3t<7>3t5is^ 1 5 c 

tA<pIt6i-'5c-&o ccDHJSeST'i*. N D -f - 3 iz 

O. 5mW^Ct^L2 5mWa)EfflT-i^liiLfc. 

[0 0 6 9] HF-mmsisvi^m • sst$*ifcsqffli3ti*, 

3t;1-&ll6fcJ:t;^3feU'>X7 ^JioT, ift^^4xfctt 
®T'3fe!¥:|^^-8lcMlt$*t4, mSjt^«^8^SiiU 

fcMfflijferojte-Att, sstu^Xg^Sisufca^, a 

SS«SiS 7 -f a» — 2 0 1= J: -3 TSBi * *i S . 



(9) 



^BB^ 8-286220 



[0 0 7 0] 3feI52ANC>aSSt$^tfc<t-^3llc<D3fee— A 

fg^-8lzi|Jim-P.it*ih.. 5^^*jiiaLt=3tl4«3feU> 
X 9 J: i;36:gSS?Sia 7 -f — 2 O ^Sia L fcS. 

3teitbS2 2ic-cgjt$+L^. 

[ O O 7 1 ] 111 © jt^Sfi^ fflt^r3t ■ 3t*]ffll<»lieS 

[0 0 7 21 *-r, $9ffll3t©3tt*-Ai:e^3t©3tf- 
Ai:A<. BIS3t^*^8[*]SP©|g-fi«-eJSS^Fc ^te 

J:l/:j63tU>X7^S@l|iLfc, JSfc\ fflfEK^jt^lg^ 

X^-f K*•^X||ffiffi|A^C,t^l^^■r«J:5'6:IRl#l=3t^3!5 

S^SILfco -r**?*. 3taS2^;N*ILfcttS|-C% JtJS 

2 2 l-Jtg*<^ < ± i: Jfe t^ C i: ^ SiS L „ 
[0 0 7 3] ->-Vy^-4^EBi:fctt®-C?tl^3t<D3tjl 

1 ^jSijtl. ::»t>-c?. ^Sij 1 1 Izjba^r3tag2 $^*r L 
jfei^iB^ 8 'v^i^it ^ sBst-r i>t. jtfiiais 2 2 

[0 0 7 4] mmtz l::*^l.^T->^!'•>^-4^ggflcL, 
3t!^ jg^- 8 ai<D«^3t L r L^ 4 <D t ia-©3t» 

14 2 ^ 'f i7 □ 8>5)5 iST? o fc . 
[007 5] ^Mt3 l;fct'»-CvVV^-4$gBi:. 5fe 

[007 6] B#^ljt4 Kfca^T->^-V^-4$gBteL, 



[0 0 7 7] ^^te l-fcL^r3fe3l2^;«!)T-ri)tit«S 

[0 0 7 8] El±*i:to^i:. ES3t^i(l^8'^, Alt 
firJ — O. 5mW^i:L^L2 5mWa)$IJia3t^gl4C01 1 

[0 0 7 9] tjits. smsrojtrowmi-jyt&f -Sli-^jtro 

3^^Sa>^^bO)eSl4. «!reO!>jte«6tljS2 2<Dtij^UK 
;UA. BfcJ:i;c£fflL\T*l=Sa$*l-SfiIAT [^fi 

%] 

[fikl] AT=1 OO [ (A-B) / (A-C) ] 
l=J:-3TSSMl=ifcK-r^C,!:A<-e#.5, ZZV. AI4 

ro3teiaig2 2(DtU*U'<;u, Biiii-^jtitil^jt^l^ 
^icBg*tLfca$a)3tttaiS2 2a)tti*U'<;u. cttft 

•^3tea)3t3S 2 $5^*1 Lfctt!S0>3t«iail| 2 2 (Daj:^3 U'* 
'<;uci:l^— fcJEcy. ATi4«*fi6i oomzts^, — 

H-ttfy. ATI*fi/hfflO%i:n£«). 
[0 0 8 0] RS3fe^S5^8'^«>«llffll3feASt/<r7— $ 
3. OmWA-'tj 2 4mW(7)ffiffl-eS£^b$-t±-C3feI$SAT 

ro:*:/J^$ it^ Lfc t c 5S 1 icjiif * j: 5 ^f^mA<?#e. 

5. OmWi:L^5ifc«iW/h* t^fita)i:#-C^,. AT = 3 
6 % i: L^ 5 ibSM^^'SittES* Jl -5 C i: A^JpJ o f=. 

[008 1] 

[S1] 



(10) ^83^8-286 2 20 



Sffl* C 6 3 3 n m) 



3. 0 



5. 0 



1 0. 0 



1 5. 0 



2 0. 0 



2 4. 0 



V H'J^>^X*f*4mitCD»ffi (ffij?5 0/im) ^i^fH 

ffiKK^fT'Pfc/)^ MfflI3t case 3 3 nm) <D%^^ 
^LTtfi-^^t (;«:g6 9 4 nm) <D5t5t)g(i± < 

[0082] CllliS«2] *«B^<D3t*lHai^5ifccfci;* 

m^C0Si|iI»fli;b<*''t?X^:ffi t >^d: or t>'5 ^'OX e-A 
[0 0 8 3] 

[IS2] oio = A/ (TT • 0) 
m. SanaO. 6 5) t?iSS6 3 3nm. t*— Afigl 



( 6 9 4 n m) 



2 7 



3 6 



5 7 



7 1 



7 9 



8 3 



2. 0 2A/m. fH]fi|(CL-C;'SS6 9 4 nm. t*— AltS 
8mma)li-^5tSiR^L/i:i:^(De— A'i^XX h(7)#g 

lio. 3 27/im (($fS[iISfPBS) ^t1-a:$*t«»o 

[0 0 8 4] gl5lZ^-rJ:5(C. {l-^3fefcc^l/^J^3t*< 

1) «^ffll3ti:fi#^ta)3tttA<SL^lc3|I^TT•feor. MSP 

ffil7LtfBT®L+U L01> *fcl*LH (4iSrl ; 

2) um%tm^%(D%m^:KiM:iWi=TX&'ox. 
ri <r2 ) A<M^coTe«-r^a^. 

1+1. I-U 1 +1+ I -1) TrfeoT. ©Jffl3fea)3t 

K)b<BfffiL+u L01. *fcliL-l<Z)t^■r^^*^. «#5t<D 

3fel»ti»TSL+l. Lot. */cl*L-l(DL^•rtt3&^r•fc^)li 

C3 o 

[0 0 8 5] XckTCDUZCO^-'^it.. -mtX^X^ Hffi 

«i a)3SB^cfcL^r. fi-^3te(D3ti»*BT® lo2 (SSs 

mm) ICg^L. iT®L+1. LQI. *fc(*L-1 (iSg 1 
mm) (0*J^?fea)3tK (3te$4) ^5fettFBl(DS§SI l+lSfc 
ttl-ltUTO. 9^^l^L1. 2mm3FfT«a!lLfcll^ 

[O O 8 6] 
[£2] 



(11) 
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Vv Jld \ vl O v U ill > 

?*T»»IBa I /ram 




-0.9 


6 8 


- 0. 6 


8 2 


-0.3 


8 4 


0. 0 


8 8 


+ 0.3 


8 4 


+ 0. 6 


8 1 


+ 0. 9 


6 7 


+ 1 . 2 


3 2 



[0 0 8 7] fiPt,, l|R^$nfc«#3tfcJ:i;*lJ(Sl3t(D^- 

ffll3feteJ:i;fIiH<i#3t©5feKA<SISWlc|^-roi:^, 3t 

[0088] Cllffi<553D HJg^ 1 fcJ:i;2(0iiaiBS 
(SI) l-^5L^TI*^M3t^^^8$igjaLfcfl#3ta) 

mfl>-r'<-CA<3ttttbS2 2'^A5fr-5J:5illtiiLTL^ 

«^fSia)3fet6S2 2 2A<SSl$*iSo 

[0 0 8 9] 3tE5S143t!P^T^SiaLfcti^ 
jfeCDjt^ro-gp^, at^Ci'^ibUi^ (f— A# 

gwatiisit) ro^^eiaii§2 2'v.Aifr€.<fc3i-^g 

L-cm#3feroi^AM+<D5ig)!i<lt:*-r-5^|ol<D3tfSS2 2 
[0 0 9 01 3tfi5aJS2 2'^a>Alt3fc«*«®L, <!# 



stro-as^J-^ «!I^tf*iDg|55^ffl+A^ASfr-i)J:5l--r-& 
1) j|l3tU>X7 t*tBS14aHg8<Dffil8ld78*S<b* 

■a- -So 

[009 1] 2) S3lcU>X9^3tl$:^1£$«|i8(0^(i 
d89*^<b*-li--5. 
[0092] 3) Q ^fflt^-S, 

[0 0 9 3] ftijjai3trogB^icj:oT. ft^3feroseT^A< 
S2 2a>s#!£si4is*-r^. fip%. mm%a>^mz^ 

[o o 9 4] nmm 1 a>SBiBSfe^j:r;%^ft^ 

ICfcL^T. *-r, S7tU>X9,hmS5t!¥:^^8i:OS§ 

motf'OSP^i' (f— A#g<©^ti3 0%) a).^A<3t«aiii 

2 2'vA«fr«J:-5S3fi5Lf=. Jftt^l?. Ji3feU>X7*j 
8i:lg3tU>X7(DS§g|d78$^<b$-a-. 
^=^8i:^75^4Sil^^^^<b^-t^•fc<tc?.. MS3t!¥*^8 

^Ftt^ea^Smt LT. m3tU>X7fig^O. 1mm 

ifirs It f=iaa. *j J: i/:*3fe^>x 7 1 . 2mm5a 

fiSJ^ttfc, /d:fc\ CCT-l4fifHHMM3t^^^=-8a)*/< 

A''? 6. ajit-r * J: 5 * iPi # i=3t^Kt^ $ea 
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Lfc. 

[0 0 9 5] Mi^cicu, m-(r)tfi^X'>tx.^^Htzmm 

JB^aSr ^ 5^ i X- ^SltfcS?^ !Ef if ©± icM^it^ 
IR?-8SBiyf*ltT±.E<0J:5l-^»$1±-5<te. 

«iHW3t A;u:^ o / 7 -ffi JS ^ ^ -c^i ^ tiS ^ b * -t*- 
j£ jJc if $ ffl t ^ -s c t *< ^ 4 „ 

[0096] C^£g^4] 0 7l=(14i:||ll&^(D3t$4{9^ 
fcckt/iHSIi. ll7lcffiJ^-ri)J:3'EcMS3t^i)l^8<D 

r n'M^^^fo^t^m^^ffll^sifi^lzt»jglzffl^^i. 

[0097] 3fell1fcJ;t;2. ND7-f;ua' — 3, v/V 
^U^ — 2 0. fcJ:T/:j->D;^3 — 0 0 

[0 0 9 8] fg7ic^-rj:-5tcES-e$c-i'^n-r-yj7£ 
^-2 1 *iJffli3t^»SJL-c. 

stf3t5i*S6S«ii»-r«ci:*<-e#s. fcfc'L, 07 

Br L mmitttz (+ ^ Sifi 5f -H- -S <fc 5 ifi^gS^JSiS -f ;u 
OSJttttbSl 1 WSIricEltSC LU. 

IZf^CX. VU— 3fcJ;i;i 4^, -t+V-P 

[0 0 9 9] 3tK^-sfe$-a-fc<i-^3fefcJ:u:«g^5t^- 

RtLT, m3tU>X7 33j:i;S3tU>X9(7>ftyi=. 
ll7 0J;3!^Ci^SI-*5L^rIH]®^1 5 ^fflL^i. C i: A<T- 
#■5. li#jt<l:SiJfai3tl-i*ii(0i|R^¥St LTU>X^ 

ffli^sn^, mmzitSL&\z^-oxm^mmf)mts?>t 
[0 10 0] ^7izm^^-r^^=5u, 

^7D-f •v^7 = ^-2 1, sKSS«2ia7-f;u^'-2 0, 

[O 1 O 1 ] J^ffc. ^7(-felt4^'f-j7a-l' -y^? 5^ — 

2 1 roftyi3iBit*fci4*(i3te©if— Ax::f'J -y^— ^ 



[0 10 2] ^nt^otfimmyj^^myizTii-r^^um 
mx''fi=bWi-^o^mtLx. *-r. (.^m^) t 
(stag 2) fl53feKA<-stL, ^mo>m^ (f-A 

-t^xxh) &fil-Jt^3fe^8A<iSa**t-S*5ISSS*ff 

S?SS:7-f;U'5'- 1 ofc«J:u:2 o<o^«i^^:g|-r-5>fc 
to, JtaSl i:2$-S5lc^'lTL. jtas 1 o«^jt*r (vv 
•vd«-4BBtt) Lfci:*3tttaiS2 2IZJ6SA<^CLXC 
*>J;lJ:3tll2a>«^$^*rLfci:#3t«tilSl 1 1ziC 

[0 10 3] JslT, HffiffJl ©Jt$i:ig»l=LT, WE 

[0104] (.mmm 5 ] g| 8 l=l£:$:||£&«ri|a> jt$<J{S)£ 
Ba>«ll8K£A<^$4^TL^■S. lai. 02, feJ:U:@7 

^%a;'§&nt^mi-^mmiii:xi^i>onzit&Lx. gi 

81?(i«-^3ti:fflffll3fe$S«*l$lA>c,. 

xm-<Dm^xiisL^-ri>i:5 i^fsstt ur t^s 

[0 10 5] ca)cl:5JS:3t^3SK«fiRfccfct;iB«l*. m 

[0 1 o 6] 0 8ic«ii^-r-5SK«ifiS:icfctxr5tasi 
1^20, 5t«ajsi ite<fci/2 2. 3tT-rvu— ^-1 

3fcJ:l/l 4. ^Dci:r/:j-vDXr3— :^1 O OlzotNTI* 

HiSCiji (^1) is^^ify-mtzitmrnm^ my) 

[O 1 0 7] El8fz^-rc*:53Ei:iHar*2fta)y>r^P-f 
'><7 = 5- (2 3fc<^i;24) ^ffiL^-SZ<!:T% ff-^pfe 

[0 1 08] EI8(z<M^-r«cfc3fe. **B^<7)5t««19S 
Sl3fcl^ri£5^^0^S«JSMmli5fe^1 ^oci:l/2. 2«C 
(D^-(<7U^ (23fcJ:I/24) , 

Sja:7<;U^— 1 Ofccfel/2 O. 20(D«3feU>X7, 
fc <*: i;mS3fe^m^ 8 T fe ^ o 
[0 1 0 9] @8(Zfclt^^>r<7P-r >'^S^ — 

(23^>J;l/24) (Dit^j{zm^^tzittm^\z-Jx7. 

[0 110] *^0^(7)5t*]ffli:^(;4^1l8fz^-rcfc3^f^ 
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^^^'-Aiatt) Lfct^3feJKaig2 2^ci^;sA<^^:L^z 

i:. fcJ:i;5t2S2a)^^^«rLfci:^3feSttiSl 1 fciS 

MS*i^m^8 ^ffll^/cpt ■ ^Mm:f5m^mmL. mm 
[0 112] c]t«iM2] vt^(Dmm\z&-5<^mmm 

^fT-5fci^. J^BSBBS 3 - 1 3 7 8 8 i^HBg 
6 3-23 1 42 4#^ffl. fccfcl/^BBBB 64-733 

Tr^(D^mmm^•\ZJi^^ 7lC»y 1 9 ^ffi Lfcfi#3ta)3t 
ag2;b^t,a)¥«^*U— tF-3t (afiS6 9 4nm) $ffiSt 
L. jgigLfc3fe^i&:gSfl^Sia:7^;u^-2 O^^fiL 
r5fe«feaiS§2 2-cS3feL. >§i«-fe;n 7$Sia*r 

9(Dms.mm\zm^x. m^t^oiftm i (iSfia 3 3 n 

m) . nd:7^;u^-3. v'-w$'-4. ^astts. 
fc^cfci;. Tfe^iliSi icoSSiJfcc*:l/tt^fillffiC9ia)l» 

^tmmv&^o a6«s«Sia3^<;L.^-2 oii 

i§;«-tr;n 7AN^StaLT< ^«ffll?fe7£)<3t«iaiil2 21c 

[0 113] fefgt Lx\tmmm^ tmm\z->r=^>^ 

1 7 {z^mLxumLtzo ^mmmiz-Di^xit. ^fess 
a)tga. i-ts:t>'^mmm 1 cDii^co5fesss5 o ^ mizm 

Lr2 0 0lS<D5feffiSl cm-Cfe^C^S-ffil5gL. 
ffll a)«'&0 2 0 0»<D1 (Das (1 . 25x1 0-4m 

o I / 1 ) (cIS^L. IISS)M?SSiS^A<ltJ£^ 1 (Dm^ 

t^m\ztj:^j:^mmLtzo mmm^(Dm^t^mz^ 

ND:7^;i.^-3fz<i:or. (?gj«-b;n 7) 

---Altt"^®Jffll3t(7)/^':7 — ^ O. 5mW?:j:tNL2 5 mW 

ommxm^L. ^Jis^fe^v-v-:/^— 4$^i>tb^«$ 

-a-fco U3!)^L3EtA<t>. »J(»5t<7)/^'^— ^«*:lzLTt5t 



i^'bm^tmih^itzo -r^st?^. sijsp^tcD/'vr?— ^ o. 

5mW^^:L^L2 5mW(OffiH-ei@a5Lfc|Sy TMi. 119 

[0 114] ^)ii^v. mT&mncoit^jiz^ s<*^^<hL 

T. VT — >fe^DODC I ^;1Sl . 2 5 x i 0-4m 
^ (5tiSg1 cm) lzADXLfct<Z)*^ia-b;H 7 (Dft 
5mW3^d:l^L2 SmWCDEfflT'taSiLfclfiy T'li. El 9 

cDga«fiE • gai^alctet^r3t • tftpmitmmx^u 
i^:itfi<mmts*ifzo 

[0 115] mmmel mt&m^oym^tmmiz^ m 
1 {zm7ri-r^^5u&s,mf&. Mmtft(Diftm^ tLx^ 

- :r^:*->U-1f— (iKfi6 3 3 nm) . m^^O 
3t3S2 i: Lr4^S«:U-+r— (>KS6 9 4 nm) . 
[y>X7 tLX. m^.^mSmm^ gaPSO. 65<7)a 

mm%^m=^&imi^x. ^^m^<omi&mt^a^^(D 
^^^LT(Dmm^m^fzo mmtft(D/^'y-\t^ 
omw^L. vmtH^o^mmizjz-DxmmftcDmi&mtm 

[0 116] mmi^^m^aounitmmmMzmyFL 

tz<Dtmmtj:yji^X'i¥f&Ltzo tzfzL. &mt LXDO 
DC I <Z)r-:t>»» ( I - ) *ir :7;^;^-□7H^- 
h (BF4- ) izu^fz^(o^mi\ ^mmmitz. 5 
X 1 o-2mo I / 1 <t L. ^my'TH'j^-mcomm^z 

O u m^^b 1 O O /i mCOl&WX^^LX&i&^CDMU^ij 
<0^i¥f&LXUntLtz. 
[0 117] ftiJ^3tfc^i;fl^5fe^:K-€^ttCDSii^. fc^ 

[0 118] 

[a3] 
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C 6 3 3 n m) 


ft^A ( 6 9 4 n m) 


(t-tJfc C 6 9 4 n m) 


1 8 


9 0 


6 3 


2 8 


9 1 


5 5 


3 8 


9 1 


4 3 


4 8 


9 0 


3 5 


5 8 


9 1 


2 9 


7 0 


9 1 


2 4 



l^-ftKOUniZiBl^XtfS^tft (6 9 4nm) O^Sa* 

fi9 0?^L>L9 1 %"Cfeofc7b<. *Jffl)3fe (6 3 3 nm) 

[0 119] ts^^ un(ommi:mzm< lt. $ij^ai?t 

a)Sia*9 0%(Dii^fCOtx-CKeL/c3b<. ^^^\tm 
[0120] CIIJS^7] ||jS6«!l6a>lS^<^^^l«lzL 



[0 1 2 1] liL. LTvT->fe*a>^U:^K 
ISlilSa 5 O // m <t: L. fe^jlSifl X 1 0-3mo I / I 
35:l^L2. 5X1 0-2mo I / I (Of&mV^^X&3&^ 

^2<tLr^ffi;^S8 3 0nm<7)#3H*U— tP- (Sgl 

[0 12 2] $«JfflI3fefc<*:lK(f-^3fe-^*V-f+LCDi^M^. 

[0 1 2 3] 
[^4] 



niSiift ( 6 3 3 n m) 


( 8 3 0 n m) 


ft-^3fe C 8 3 0 ci m) 


0.0 2 


8 0 


7 3 


0.0 1 


6 0 


6 9 


0.0 2 


3 9 


6 4 


0. 0 1 


2 1 


3 5 


0. 0 1 


1 6 


2 9 


0.0 1 


6 





1*0. 0 2%]aT-CfeofcA^ (8 3 0nm) (D ?ftilRA</h$ t^S. li#5ta)aiia^)!)^a'>t" -5) ^fSl 0)3^:0 
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[0 1 2 4] 

SSI- .tor. «^^[HlK^i:i:*^-«JfflL^-^)C^:^f <, m 

[0 12 5] *«Bj©5t»lffli:*JSte.l:T/:pt®nai3S 
fiSffl t^fc RT^jfelS U-if-ir * -5 jfiff >m U— tf — (0 

X 5^ -i? 3t 7 T / * ^eSB * 1f -5 ro (C jS L fc 

[o 1 2 6] :^fei»a>3te«)«i:«^is.»:i;jfe$llis 

BI-J:*tlS, jt^lS^^i: Lrfeig$-7 h'J -v^X**^* 
[0 2] :$:il^$^S&-r•^>{@l=ffil^'b4^'i>$IB4ifi£$ 

■efe-5. 

[US] fl||»3t*;J:i;{I-^3t©3fcl» (fcil^jttt) O) 

[@6] :»:|le^$$^&-r^KElCffil^€>tl•SSS^)£$ 

[@7] :^fEB^$|l!&r^Etlll=ffil^<b4r-g>SSm^^ 

[@8] :$:%BJ$||iS-rS|ti(l=ffil^b4^'&S^SffiA$ 



mai vt^&iis-cmi^p>*ixi^^mmmis.^m^i, 

[gll O] $kift\y>Xtj:ifX'i&MtHtziS''yX\z-M. 

[??^roittBj] 

1 $i]ffli3tro3fe3S. 2 <S-^5tcD3tjl5, 3 ND:7^';^ 
^>-. 4 VV'V^'-. 5 6 stilus. 

7 J)i3tU>X. 8 KSit^*^-. 9 S3tU>>C, 
10 jSSS«?SiS7-<;u^- (fi^5t>S»Tffl) > 1 1 
ittttiiS. 1 2 y7'</^-mifi^m^. i 3 itr 

-fVU-^«— (WSfeffl) . 14 itT'fVU— $ — 

({i#3tffl) . 1 5 cnmm. 1 6 estu>x, i 7 

j§i«-tr;u (*fcli@^*:^^=•) .19 jSy. 20 iS 
^aS?Sia7-r';u5'- (SiJffllitiiBiffl) . 2 1 y-f^ 
□ 'r-y^7 5'5-. 2 2 ittttaS «g#5tCDjfe»jS«lll 
ffl) . 23fc^lX24 -V^ S^ — . 30 

ass, 1 00 ^«>nxa— ^, 1 1 1 stSiaiSi 1 
(tlJffll3^<7>3lc^S^n|g<bafS) . 2 2 2j3 
<fci;2 2 3 3t1liaiS2 2ANt.«)«-^ (fl#5ferojt5iS 
^BSl^^tffl^) , A$yWjt^jl»rLfctt^-e<i#3fe<03t 
3S^jiS*rLfc«*©3tttUJg2 2 0!>Ui*U'<;U. B 

eitii§l2 2roai^iU'<;u. c <i-l-3t^;S*rLfc*tsi<D 

3t«iaj|S2 2(Dai*U'<;U, d78 m3feU>X7i:KS 
^^^^8<Dmm. d89 3t«9«l3ll-?-8<t:S7tU>Xg 
©S§>8, Fc L0I. L+1. L-lfcJ:U:L02 

*fcl*fiJ^3fero3tf-ABTffiLoi, L+i*fcl±L-i(D^ti 
r2 lt-l-3t*fclitlJiW3ta)3tt*-ABf®L02<^* 

e— AObf— A-f xx h (ii^{4SI-fcl+i)e— Aiji 
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